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Description

Occurrence and

Congumer

Exposure

SUMMARY

Sulfamic acid is a colorless, odorless, ortho-
rhombic crystalline solid. It is non-volatile, non-
hygroscopic and stable when dry., It is quite soluble
in water but slowly hydrolyzes to ammonium bisulfate.
Chemically, sulfamic acid is comparable to the strong
mineral acids,

Ammonium sulfamate is a white, odorless, crystalline
solid, further characterized by being hygroscopic, It
is extremely soluble in water. Neutral or alkaline
aqueous solutions are stable even at temperatures as

high as 100°C. It does not decompose on evaporation,

Sulfamic acid and its salts are purely synthetic
substances, consequently they do not occur naturally
in foods. However, trace amounts may enter certain
foods from paper and paperboard containers which may
contain sulfamic acid or ammonium sul famate as pro-
cessing additives (060), Moreover, zinc sul famate
has been used in a public water system as a corrosion
inhibitor at a level of 1-3 ppm (ok7, 048, 068, 045).
A new sulfamate sweetener, sodium 4-thiacyclohexyl
sulfamate, was recently discovered in Germany (067),
A wide variety of foods may become contaminated
with sulfamic acid as a result of its use as an acid
cleaner for food processing and storage equipment

(053, 025 , 060).



Acute Toxicity

Short-Term

Studies

The use of ammonium sulfamate as a week killer
represents another possible source of food con-

tamination (016, 020).

A Minimum Lethal Dose (MLD) of 1600 mg/kg BW for rats
per os has been reported for sulfamic acid (002). The
oral LDgo of ammonium sulfamate (ammate) in this
animal is 3900 mg/kg BW (0k0). Acute toxicity values
for other experimental animals apparently have not
been published,

For man, the probable lethal dose of sulfamic acid
orelly, would be 500-5,000 mg/kg BW, giving it a
toxicity rating of 3 (moderately toxic). Ammonium
sulfamate with a probable lethal dose of 500-5,000 mg/kg,
or 5,000-15,000 mg/kg BW, is rated 2 or 3 (slightly

or moderately toxic) (031).

Sulfamic acid or emmonium sulfamate in the diet of
rats retarded growth at a level of 2% but not at 1%.
No deaths occurred and microscopic, as well as gross,
pathological manifestations were absent (002).

In dogs, neither compound was toxic orally in doses
of 100 mg/kg over a period of six days (020). Cattle,

on the other hand, suffered extreme scouring (diarrhea)
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Biochemistry

when fed ensilage containing 1% sulfamic acid;

there were no symptoms, however, at the 0.5% level
(017). In man, ingestion of ammonium sulfamate
causes irritant effects and gastrointestinal
disturbances; however, there is no systemic toxicity

with moderate amounts (062, 026).

In mice, nickel (II) sulfamate injected intraperi-
toneally in lethal doses (500 mg/kg BW) causes

dyspnea and straining prior to death (014). Rats
receiving sulfamic acid or ammonium sulfamate in the
diet at a level of 2% were definitely retarded in
growth; also there was evidence of a slight cathartic
effect (002). Intraperitoneally, fatal doses of ammonium
gulfamate (800 mg/kg BW) stimulated respiration prior
to prostration and death (002). Dogs, injected intra-
venously with sulfamic acid or ammonium sulfamate in
doses of 100 mg/kg, manifested a slight drop in

blood pressure and depth of respiration but both
promptly returned to normal; doses of 20 mg/kg BW had
no effect (002). In this animal, ingested sulfamate
apparently was not metabolized but was excreted in

the urine unchanged (020).

In cattle, sulfamic acid fed at a level of 1% 1in
ensilage caused severe diarrhea but was tolerated
without symptoms at a level of 0.5% in the diet (017).

An anticoagulant effect of the sulfamate ion in vitro has

been reported (070).
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Safe Levels

Sulfamic acid may be present in minute trace

amounts in foods wnder section 121,101 h of the

Food, Drug, and Cosmetic Act as amended, 1958, (060):
"substances migrating to food from paper and paper-
board products used in food packaging that are
generally recognized as safe for their intended

use, within the meaning of section 409 of the

Act."

The California State Health Department permits* the
use of sulfamic acid or zinc sulfamate in drinking
water at a level of one part per million (0LT,048 ).

The Threshold Limit Value for ammonium sulfamate
in an atmospheric environment is 15 mg per cubic

meter of air (026).

* Use was prohibited in August, 1973 (071).
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CHEMICAL INFORMATION

Sulfamic acid, ammonium sulfamate, and zinc sulfamate appear to be the
only substances of the sulfamate family requiring consideration at this
time from the food additive or food contamination standpoint (oh7,060).
However, a new fulfamate sweetening agent recently discovered in Germany,

Sodium h-thia.cyclohexyl sulfamate, could assume major importance (067).

Sulfamic Aeid

I. Nomenclature
A. Common name: BSulfamic acid
B. Chemical name: Sulfamic acid
C. Synonyms: Amidosulfonic acid, Amidosulfuric acid, Aminosulfonic
acid, Sulphamic acid, Sulphamidic acid.
D, Trade names: No information

E. Chemical Abstmacts Services Unique Registry Number: 5329146

II. Empirical Formuls

III. Structural Formula

HO 0

A4

/s\\
0

IV. Molecular Weight:
97 . 10



V. Specifications

Grades: Reagent, Crystalline, Granular (034)
A. Granular Grade, Dupont (025)
Average Analysis
Sulfamic acid, Wt. % 92,3%
U.S5.S. Screen Size
On #16, Wt. % ———-
Through #100, Wt. % 4.0
*Remaining 7.7% is primarily ammonium bisulfate
B. Crystal Grade, Dupont (026)
Average Analysis
Sulfamic acid, Wt. Z 99.6
U.S.S. Screen Size
On #16, Wt. % 0.;—0.6
Through #100, Wt. % ——
C. Reagent Grades, G. Frederick Smith Chemical Co., Columbus, Ohio (029)

#97 Sulfamic Acid, Primary Standard

Assay 99.9%
Insolubles 0.01%
Heavy metals 0.001%
Iron 0.0005%
Chloride 0.001%
Sulfate 0.05%
Residue on ignition 0.01%

#98 Sulfamic Acid, GFS Certified

Assay 99.97-100.03%
Insolubles 0.01%

Heavy metals 0.001%

Iron 0.0005%
Chloride 0.001%
Sulfate 0.05%

Residue on ignition 0.01%



VI. Description

A. General Characteristics
Sulfamic acid is a colorless, odorless, orthorhombic
crystalline solid.
B. Physical properties
The crystals melt at 205°C, with decomposition (062). The
acid is soluble in water, 24.2 parts/100 parts of water at 25°c,
and 125 parts/200 parts of water at 70°C (016). It is sparingly
soluble in ethanol and methanol, slightly soluble in acetone, but
insoluble in ether. It ig freely soluble in formamide, dimethylformamide,
and pyridine (062).
C. Stability in containers, etc.
Sulfamic acid is a non-volatile, non-hygroscopic solid and
is stable when dry. A giant crystal wrapped in cheesecloth and stored
at ordinary room conditions for four years did not change in appearance
excepting for a slight loss in lustre. These properties are very
unusual for an acid which is comparable in strength to hydrochloric,
nitric, and sulfuric acids (020, 062). Sulfamic acid can be packaged
and transported commercially without difficulty. It is, however,

combustible (034).

Ammonium Sulfamate

Note: This monograph was prepared primarily on the subject of

sulfamic acid. However, some contributory information on the toxicity
of the sulfamate radical has been determined by studies on ammonium
sulfamate. Thus, although ammonium sulfamate is not the subject of the

monograph pertaining to food additives, its pertinence to the problem



prompts us to include not only the toxicity information but also
the information in the following paragraphs on nomenclature, formulas,

molecular weight, specifications, description, and so on.

I. Nomenclature

A, Common name: Ammonium sulfamate

B. Chemical name: Sulfamic acid, monoammonium salt

C. Synonyms: Ammonium amidosulphate, Ammonium sulphamate
D. Trade names: Ammate; Ammate X; Ammat

E. Chemical Abstracts Services Unique Registry Number: 7773060

IT1. Empirical Formula

NH SOBNH

4 2

ITI. Structural Formula

0
f
Hgl“'ﬁ“'of“NHh
0
IV. Molecular Weight: 114.13

V. Specifications

A. Crystal Grade, Dupont (026)

Typical Analysis

Ammonium sulfamate 98.9%
Free sulfate as (NH4)ZSO4 o 1.1%
Iron as Fe 0.001%
Water insoluble matter 0.006%
Moisture 0.020%



B. "Ammate"brand weed killer is a brownish-gray, crystalline,
hygroscopic material containing a minimum of 807 ammonium sul famate

(062).

VI, Description

A. General characteristics
Ammonium sulfamate is a white, odorless, crystalline solid
which is hygroscopic. The commercial weed killer brand, Ammate, differs
as described in V-B above.
B. Physical properties
Ammonium sulfamate is highly soluble in water, moderately
soluble in glycerol, glycol, and formamide, but only slightly soluble
in ethanol. Its melting pointis 131°C. Hazard: Hot acid solutions,
if enclosed, may explode (034).
C. Stability in containers, etc.

Ammonium sulfamate 1is hygroscopic.

VII. Analytical Methods

A. Detection

1. Steger and Stopperka (063) pointed out that bands occur in the
spectrum of sulfamic acid which are analogous to those in the infrared
spectra of primary amidophosphates (e.g., NaP03NH3); the latter "exhibit
bands near 2482 and 2620 em™! which are of comparable strength to the
NH valence vibrations in the 2900 cm™1 region", These data may be of

some value in detection and partial identification of sulfamic acid.



2. In a study of the importance of Rm values for the paper
chromatography of ammonia derivatives of sulfuric acid, Kempe (038)
givba the Rf value of sulfamic acid. The solvent system was dioxane
68.5, H20 31.4 and concentrated Nﬂaoﬂ 0.1 ml,

3. Harlow and Morman (033) have developed an ion-exclusion
partition chromatographic procedure for acids which may be applicable,
under certain conditions, for the separation, partial identification,
and quantitation of small amounts of sulfamic acid in foods and
other materials, Salts, such as ammonium sulfamate, may be
determined as the corresponding acid.

In this procedure, the acids are automatically separated on a
colum of sulfonated polystyrene ion exchange resin using water
only as the eluent. The column effluent is titrated automatically and
the titration data are recorded as a function of time. Emergence
times indicate the possible identity of the acids, based on a table
of emergence data constants. These were determined by Harlow and
Morman for more than 50 acids including sulfamic acid.

Advantages of the method, which are pointed out by the authors,
are that it is automatic, rapid, relatively specific for acids, and
applicable to dilute aqueous solutions. Less than an hour is
sufficient for separation with most samples, and materials other
than acids generally do not interfere.

The method is not applicable for detection and identification
of sulfamic acid or sulfamates in samples containing sulfonic acids,
other acids (like sulfamic) which contain both an amino group and
a sulfonic acid groép, or mineral acids, since the emergence data

of these are too similar for differentiation.



B. Quantitation

1. Gravimetric methods. In the older gravimetric methods,

sulfamate was oxidized to sulfate. Apparently the latter was then
precipitated as barium sulfate (060).

2., Volumetric methods. Sulfamic acid is a strong acid and

can be titrated with bases using indicators that show color change
between pH 4.5 to 9.0 (062).

3. Sulfamic acid or the sulfamate ion can be determined
rapidly by a direct titration method based on the following quanti-
tative chemical reaction:

NH,S0,H + NaNO, —3) NaHSO, + H,0 + N,
Starch-iodide is used as an external indicator. The accuracy is
reported to be comparable to that of the older gravimetric methods
mentioned sbove (009).

""" 4, Gasometric msthod. A gasometric micro method, with an

sccuracy of + 5%, requiring only 20 minutes, has been developed
based on measurement of the nitrogen gas evolved in the reaction
mentioned in the preceding paragraph (013). Santmyers and Aarons
report that ''the reaction is specific for the amino group and

very few ions interfere' (060).

VIII. Occurrence
Sulfamic acid and its derivatives are purely synthetic substances
and do not occur naturally.
A. Plants
Ammonium sulfamate is used to destroy noxious plants such as

poison ivy and poison oak, agricultural pests, like ragweed and



Canadian thistle, as well as certain other types of herbage which
clutter up the environment, such as choke cherry, hoary cress,
and 8o forth (016,062,010). It is regarded as a more effective
herbicide than sodium chloride, calcium chloride, ammonium thiocyanate,
or smmonium sulfate. It is as good as sodium chlorate for all herbi-
cidal problems, end is actuelly more effective against some weeds.
It is a fire retardant rather than a fire hazard, which is a
valuable additional advantage where large areas of herbage must be
destroyed. Moreover, it does not permanently sterilize the soil
a8 do certain other herbicides, apparently being quite rapidly
decomposed by certain types of soil microorganisms (016,020,041).
Another advantage of ammonium sulfamate over many other weed
killers for large scale agricultural use is that it actually increases
soil fertility by adding utilizable nitrogen in the form of the
amaonium ion. PFinally, it is regarded as non-toxic to man and
lower animals (016).
No information was found in the literature concerning levels
in treated plants, in adjacent edible plants and/or their fruits,
and in the soil locally or generally. An estimate may be possible
in the case of poison ivy on the basis of the recommended treatment:
A solution containing one pound of ammonium sulfamste
per gallon of water is sprayed on the foliage while it
is still green during late summer or early autumn and
preferably in humid weather. (016)
The plant is killed as the salt travels through from the leaves to

the roots (016).



B. Animals

The literature search revealed no information relative to
the use of sulfamic acid or any of its compounds in cosmercial
animal feeds, or to their presence in animal tissues or products.
However, sulfamic acid has been successfully used as a silage

preservative at a level of 0.5%, final concentration (017).

C. Synthetics and Industrial Environments

1. Sulfamic acid and sulfamates are used in the papermaking
industry and may be present in paper and paperboard containers
used to package foods (025, 060). Their use in this connection
is regulated by the Food and Drug Administration (060).

2, Sulfemic acid, by virtue of being a strong but non-
corrosive acid, is used for cleaning equipment in the dairy,
brewing, and sugar industries, and in meat, rabbit, poultry, egg,
and vegetabtle processing plants (060). In some of these industries,
its use is regulated by the U.S. Department of Agriculture (060,024).

3. Several preparations containing sulfamic acid or sulfamates
have been developed for treating public water supplies to conmtrol
objectionable taste and odo;; to inhibit corrosion in the system,
and to stabilize the added chlorine (047, 048, 068, 045, 03k),

L, Ammonium sulfamate is widely used to flame-proof such
materials as draperies and curtains for publig buildings, decorative
materials, circus tents, work clothes, blankets, and so forth. In
fact, any fabric except cellulose acetate can be protected with this
fire retardant. The fabric is dipped in a solution containing one

to one and one-half pounds of salt per gallon of water, squeezed



through rollers, and dried. The treated material should contain
sulfamate to the extent of 10% of its own weight (016, 020, 062).

5. As mentioned before (See this Section, A. Plants), ammonium
sulfamate is used extensively for killing weeds, vines, brush, and
the like (060).

6. Sulfemates are suitable anti-gelation agents for liquid
soaps. Addition of 10% ammonium sulfamate in soap or in fulfonated
detergent solutions is usually effective (026).

T. Sulfamic acid is used to clean or "acidize" water, oil,
and gas wells (060).

8. Metals such as copper, silver, cobailt, nickel, zinc; cadmium,
iron, and lead can be plated out successfully from sulfamic acid
solutions. These metals can also be refined by the electroplating
process (016, 010).

9. Another commercial application of sulfamic acid is in
the dyeing industry. Here it is used to remove excess nitrite
in diazotizations frem the reaction mixture (016, 010).

10. Sulfamic acid is used sometimes in the preparation of

high quality suede and other processed animal skins (016).

D. Natural Inorganic Sources

(None)
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BIOLOGICAL DATA

I. Acute Toxicity

A, Mice

Data from an acute toxicity test with nickel (II) sulfamate,
performsd by the Sloan~Kettering Institute for Cancer Research,
vere included in a summary of biological tests reported by the
Chemical-Biological Coordination Center, National Research
Council (014). This test was performed according to Sloan-
Kettering's routine procedure for screening compounds for the
Sarcoma 180 assay.

Adult mice, 3 to 5 per group, were given single injections of
nickel (II) sulfamate intraperitoneally in doses renging from
31.3 to 500 mg/kg BW., The solvent used was isotonic saline.
The animals were then observed for signs of toxicity over a
period of seven days. Time of death was recorded for all
fatalities,

At the 500 mg/kg level, all of the mice died: one within
five minutes, three within 15 minutes. The fifth mouse did not
succumb until the third day. The animals exhibited dyspnea and
straining prior to death,

At the 250 mg/kg level, two of three mice died on the third
day; the other animal survived the entire test period of seven
days.

There were no deaths at the lower dose levels. The data are

summarized in Tables 1 and 4.
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Substance
Sulfamic acid
Sulfamic acid
Sulfamic acid

Ammonium
sulfamate

Al-ated

Ammonium
sul famate

Nickel (1II)
sulfamate

Table 1. Acute Toxicity of Sulfamic Acid and Some of its Salts

Animal
white rat
rat

white rat

white rat

rat

white rat

mouse (adult)

AMFD = 252 of animals

b

MFD = 602 of animals

D = 672 of animals

d

Sex & No,

28 males

20 males

18 males

34 males

17 males

Route
p. o .

p.o.

i.p.

Dosage
mg/kg
body wt.
1600
1600

<100

>1600

3900

800

250

o

Measurement
(Lb.., ED
;oothegg

MFD2
MLD

MFD

MFD
LDg,
mrDP

LD®

Ref.
Bibliogr,
No.
Ambrose (002)
Merck Index (062)

Ambrose (002)

Ambrose (002)

Lehman (040)

Ambrose (002)

Chem.-Biol.
Coord, Ctr., NRC
(014)

Amate, according to the Merck Index, contains a minimum of 807 ammonium sulfamate.



B. Rats

Ambrose (002) studied the acute toxic effects of sulfamic acid
and ammonium sulfamate in the rat by both oral and parenteral
routes. The results are summarized in Table 1. Details of the
tests are given below and in Tables 2 and 3.

1. In the oral toxicity test, male white rats (80-100 grams BW),
5 to 10 per group, were given gulfamic acid by stomach tube in
single doses ranging from 400 to 1600 mg/kg BW., Ammonium sulfamate
vas given in the same manner to groups of 5 to 8 animals in doses
of 800 to 1600 mg/kg BW.

Two of eight animals in the sulfamic acid group at the 1600 mg/kg
level died, 12 to 20 hours after receiving the compound, without
showing any preliminary signs of toxicity. All other animals were
symptomless (See Table 2).

There were no deaths in the ammonium sulfamate groups and none
of the animals showed symptoms of poisoning (See Table 3).

2. The intraperitoneal toxicity test was conducted with rats
of the same specifications as used in the oral test. Groups of five
animals were given single injections of sulfamic acid in graded
doses of 100 to 800 mg/kg BW. Ammonium sulfamate was administered
to groups of five to ten animals in doses ranging from 100 to
1600 mg/kg BW,

With sulfamic acid, deaths occurred at all dose levels,

4 to 72 hours after injection. Again no signs of toxicity were

observed in any of the rats up to the time of death (See Table 2),

13



Table 2, Acute Toxicity Data for Sulfamic Acid (002)

Dosageb
ng/kg Mortality
Animal Sex Number Route body wt, (%)
White rats®  Male 8 p.o. 1600 25
White ratl: Male 5 p.o. 1200 0
White ::ut:l‘l Male 5 p.oO., 800 0
White rats Male 10 P.O. 400 0
White rats? Male 5 i.p. 800 100
White rats® Male 5 i.p. 400 60
white :ats: Male 5 1.p. 200 100
White rats Male 5 i.p. 100 80

9B30dy weight = 80-100 grams
bsmgle dose

Table 3. Acute Toxicity Data for Ammonium Sulfamate (002)

Dosageb
mg/kg Mortality
Animal Sex Number Route body wt. (%)
White rats® Male 8 p.O. 1600 0
White ratsy  Male 5 p.o. 1200 0
White rats. Male 5 p.o. 800 0
White nts‘ Male 5 i.p. 1600 80
White rats Male 10 i.p. 800 60
White rats® Male 9 i.p. 400 0
White rats®  Male 5 i.p. 200 0
White rats®  Male 5 i.p. 100 0

°Body weight = 80-100 grams
bsmgle dose

14



Four of five animals 1njected with ammonium sulfamate at the
1600 mg/kg level succumbed. Six of ten animals at the 800 ng /kg
level died. The fatalities occurred within 45 minutes following
injections. Increased respiration rate preceded prostration and
death (See Table 3),

3. Lehman (040) reported that Ammate, an herbicide containing
& minimum of 807 ammonium sulfamate, administered to rats by the
oral route, had an LD50 of approximately 3900 mg/kg BW. The chief
symptom was listlessness, which began within a few minutes following
administration and continued for 24 hours (See Table 1),

With very high doses of Ammate, tremors were noted and death
usually occurred within 10 minutes. Survival after 24 hours was
favorable for complete recovary,

4. No details were given concerning the acute toxicity test
for sulfamic acid reported in the Merck Index (062). (See Table 1).

C. Humans

According to Gleason et al. (031), sulfamic acid has a toxicity
rating of 3 (moderately toxic) based on its probable lethal oral
dose for man of 500-5,000 mg/kg. Ammonium sulfamate (Ammate) is
rated at 2 or 3 (slightly to moderately toxic) on this basis

(500 to 5,000 mg/kg or 5,000 to 15,000 mg/kg). (See Table 5).

I1; Short-Term Studies

Available information is meager on both chronic and acute toxicity

for the sulfamates, A review of the literature revealed that the

15



Table 4. Acute Toxicity Data for Nickel (I1) Sulfamate (014)
Dosage?
mg/kg Mortality
Animal Number Route body wt. ¢9)
Mice (adult) 5 i.p. 500 100
Mice (adult) 3 i.p. 250 67
Mice (adult) 3 i.p. 125 0
Mice (adult) 3 i.p. 62.5 0
Mice (adult) 3 i.p. 31.3 0

8Single injection

Table 5.

Toxicity Rating
v . Oor class

6 super toxic

5 extremely toxic
4 very toxic

3 moderately toxic
2 slightly toxic

1 practically non-toxic

Toxicity Rating Chart (031)

Probable lethal dose (human)

mg/kg
less than 5
5-50
50-500
500-5 g/kg
5-15 g/kg

above 15 g/kg

16

for 70 kg man (150 1b)

A taste (less than
7 drops)

Between 7 drops and
1 teaspoonful)

Between 1 teaspoonful
and one ounce

Between 1 ounce and
1 pint (or 1 1b)

Between 1 pint and
1 quart

More than 1 quart



most detailed investigation was that of Ambrose (002) who studied
the local and systemic effects of both sulfamic acid sand ammonium
sulfamate in rats, rabbits, and man.
A. Rats
1. In the oral short-term study, female white rats, 30 days
of age and averaging 50 grams in weight, were employed, Four
groups, five animals per group, were fed a basic diet containing
either 1% or 27 sulfamic acid, or 1% or 27 ammonium sulfamate,
for a period of 15 weeks. A control group of the same number was
placed on the basic diet alone. (The basic diet consisted of:
yellow cormm meal 722, casein 10%, linseed oil cake meal 10%,
ground alfalfa 27, bone ash 1.5%, sodium chloride 0.5%, Brewer's
yeast 12, and cod liver oil 22 (U.S.P.) ), Free access to food
and water wvas allowed at all times. The amount of food consumed
"""" was recorded once each week, and the average drug intake per
kilogram body weight per day was calculated.
The effect of the compounds on growth was determined by
weighing the animals at weekly intervals and comparing the
average growth curves of treated and control groups. All animals
were sacrificed at the end of the feeding period, and studied
for gross anatomical changes and histopathologic alterations
in the visceral organs.
Figure 1 shows that growth was definitely inhibited by 2%
sulfamic acid or ammonium sulfamate in the diet, but not by 1%,
An apparent rather than a real effect was ruled out by the food
consumption figures. Food intake by rats on the sulfamic acid diet

was approximately the same as that of the controls, while those

17
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Figure 1. Average body weights, drug intake and
food consumption of white rats receiving
sulfamic acid or ammonium sulfamate in

food for 105 days. Each curve
represents an average of 5 rats. (002)
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on the ammonium sulfamate ration actually consumed more food

.... than the control group. Ambrose concluded that the growth-inhibiting
effect of sulfamic acid and ammonium sulfamate is due in part to
their toxic effect and partly to a slight cathartic action which
they induced.

At autopsy, no gross anatomical changes were apparent nor
were histopathologic lesions evident in any of the visceral organs
(See Tables 6 and 7).

2. 1In the second study, Ambrose (002) investigated the
effect of sulfamic acid and ammonium sulfamate injected into the
rat by the subcutaneous route. Ten animals (age and weight not
given) were injected with 2 cc of a 4% solution of sulfamic acid
or ammonium sulfamate, and then observed for signs of toxicity
over a period of 30 days or more.

No deaths occurred with either of the compounds, Within
24 hours, however, sulfamic acid caused extensive necrosis at the
injection site and the lesions required about a month for complete
healing. 1In contrast, no signs of irritation, inflammation or
necrosis were observed in any of the animals injected with
ammonium sulfamate.

B. Rabbits

Ambrose (002) also studied the local effect of sulfamic acid
and ammonium sulfamate placed in the eye of the rabbit. Five
animals were used for each substance. The compounds were instilled

into the conjunctival sac in the form of 0.5 ml of a 4% solution

(10 mg/kg BW).

19
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Table 6. Short-Term Toxicity Study Data for Sulfamic Acid (002)

Oral Route
Dosagea b
Animal Age X Estimated
and and in mg/kg
Substance sex body wt. Number diet (av.)
Basic diet white 30 days 5 2 ——
plus rats
Sulfamic (£) 50 grams
acid (av.) 5 1 —-—
Basic diet
alone 5 0 ———

gred in basic diet for 105 days
See Figure 1

Effect
on

food on Pathologic

consumption Growth Gross Microscopic

none Inhibi- none none
tion

none none none none

none none none none
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Table 7. Short-Term Toxicity Study Data for Ammonium Sulfamate (002)

Oral Route
Dosagea b Effect
Animal Age Z Estimated on
and and in wg/kg food on Pathologic
Substance sex body wt. Number diet (av.) consumption Growth Gross Microscopic
Basic diet white 30 days 5 2 —— none Inhibi- none none
plus Tats tion
Ammonium (£) 50 grams
sulfamate (av.) 5 1 —— none none none none
Basic diet -
alone 5 0 _— none , none none none

“Fed in basic diet for 105 days
See Figure 1



Sulfamic acid, in the strength used, caused a moderate degree
of conjunctivitis and edema. Ammonium sulfamate, on the other hand,
caused no irritation.

C. Dogs

Two early preliminary studies on sulfamates in the dog have
been reported.

1. Loew's colleagues (041) injected a young dog (2 kilos BW)
intravenously with 700 mg/kg BW of sodium sulfamate and obgerved
that the animal showed no ill effects.

2. A more extensive study was conducted by the Haskell Laboratory
of Industrial Toxicology, E.I. Du Pont de Nemours & Co., Inc., and
reported by Cupery and Gordon (020). 1In it, dogs fed sulfamic
acid or ammonium sulfamate, 100 mg/kg BW, daily for six days
manifested no symptoms of toxiecity.

D. Cattle

Cottyn and Buysse (017) fed young cows (heifers) Italian
ryegrass silage containing sulfamic acid in concentrations of
0.5% or 1% as a preservative. Control animals were given
untreated silage of the same type and processing. Silage constituted
the entire diet for all groups.

At the 17 level, the product always caused serious digestive
troubles (diarrhea) which disappeared two days after the animals
were put back on a diet of control silape. Another feeding of the
treated material (12 sulfamic acid) would again cause severe diarrhea.
On the other hand, silage containing 0.5% sulfamic acid caused no

symptoms .
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E. Humans

1. Cupery and Gordon (020) reported that 200 people were
skin-tested with ammonium sulfamate-treated fabric (concentration
in fabric not given) and no irritant effects were noted,

2, Ambrose (002) also studied the local effects of sulfamic
acid and smmonium sulfamate on the skin of human volunteers. In
this investigation, five subjects received applications, on the
anterior surface of one arm, of a 4% solution of sulfamic acid
several times daily for a period of five days. The other arm
was treated in like manner with a 4% solution of ammonium
sulfamate,

All volunteers experienced a slight degree of skin irritation
on the arm treated with sulfamic acid and each application
appeared to be more irritating than the previous one. However,
the most serious reaction noted was a mere transient reddening
of the skin. The area appeared normal on the following day.
Amwonium sulfamate caused no skin irritation.

3. A note in the Merck Index (062) states that sulfamic acid
is moderately irritating to the skin and mucous membranes, and
that ammonium sulfamate may cause gastrointestinal disturbances,

4. Santmyers and Aarons (060) noted that the action of
sulfamic acid on the skin is limited to the effects of its
high acidity. Ammonium sulfamate is said to be neither very
irritating to the skin nor very toxic; in this respect, it

resembles the more common ammonium salts (chloride, sulfate).
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5. According to Dupont technical literature (026), smmonium
sulfamate produces irritant effects if ingested; moderate amounts,
however, apparently do not cause systemic toxicity.

Sulfamic acid and its solutions cause eye injury and also
irritate the nose, throat, and skin. Protective goggles are
advised and precautions should be taken to avoid breathing sulfamic
acid dust (025).

6. A note in the Condensed Chemical Dictionary (034) also
indicates that ammonium sulfamate is moderately toxic by ingestion.

7. The Threshold Limit Value for ammonium sulfamate is

15 mg per cubic meter of air, according to the American Conference
of Governmental Industrial Hygienists (1962), as reported in the
Dupont Company data sheet previously mentioned (026). "This
concentration in air is intended to represent conditions under which
it is believed that nearly all workers may be repeatedly exposed,
day after day, without adverse effect."

The Dupont article goes on to quote that, "Support for this
value is presented in Documentation of Threshold Limit Values by
the American Conference of Governmental Industrial Hygienists (1962)
as follows:

" Ammonium sulfamate has an acute oral LDgg of 3900 mg/kg for
rats. It is thus improbable that acute or chronic poisoning
can result from exposure to it under ordinary conditions
of use, The Threshold Limit Value (15 mg/m3) is assipgned
by analogy in the absence of inhalation toxicity data,

and because several years of extensive use have apparently
caused no illness."
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III. Long-Term Studies

No information available

IV, Special Studies

A, Humans

Conceivably, sulfamates could have an effect on the normal flora
of the gastrointestinal tract of man in the light of two studies:

1. Ortenzio, Friedl, and Stuart (054) reported that sulfamic
acid has germicidal properties in vitro.

2, Murray (o47) noted that a very high dilution of zinc sulfamate

halves the amount of chlorine needed as a water disinfectant.
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BIOCHEMICAL ASPECTS

I. Breakdown

Sulfamic acid is stable when dry (062). However, it slowly
hydrolyzes in cold water, and more rapidly at higher temperatures,
to ammonium bisulfate (WH,HSO,) (016, 062, 010).

Ammonium sulfamate is stable in neutral or alkaline aqueous
solutions, even at temperatures as high as 100°C (062, 065). Moreover!
it does not decompose on evaporation. This characteristic is
important not only in its1;pp11cation as an herbicide but also with
respect to its possible hazard as a food contaminant (berries,
fruits, vegetables, etc.).

Ammonium sulfamate is apparently decomposed quite rapidly by
microorganisms in the soil (041).

Cupery and Gordon (020) reported that a study 6n dogs, by the
Haskell Laboratory of Industrial Toxicology, revealed that the sulfamate
ion taken by the oral route apparently does not decompose spont aneously
in the body, at least not‘ia the dog. Both sulfamic acid and

amponium sulfamate were used in this study.

II. Absorption-Distribution

No information

III. Metaboliswm and Excretion

Cupery and Gordon (020) concluded that the sulfamate ion adminis-

tered to the dog orally, apparently was not metabolized but was

excreted unchanged in the urine.
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IV. Effects on Enzymes smd Other Biochemical Parsmeters

A, Mice
In the acute toxicity study on nickel (II) sulfamate (See

BIOLOGICAL DATA, I. Acute Toxicity, A. Mice), it was noted that

mice given 500 mg/kg BW exhibited dyspnea (labored respiration) and
straining before succumbing.

B. Rats

In the study by Ambrose, described earlier (002), the following
physiologic effects of sulfamic acid and ammonium sulfamate were
noted:

1. The animals injected intraperitoneally with fatal doses

of ammonium sulfamate, 800-1600 mg/kg (See BIOLOGICAL DATA, I.

Acute Toxicity, A. Rats, 1), manifested respiratory stimulation

prior to prostration and death.
2, Female white rats fed 2% sulfamic acid or ammonium

sulfamate in the diet (See BIOLOGICAL DATA, II. Short-Term Studies,

A. Rats, 1):

a. Were definitely retarded in growth
b. Showed evidence of a slight cathartic effect.
Neither compound at the 1% level produced either of these effects.

3. In the study referred to in the preceding paragraph, Ambrose
(002) pointed out that rats on the 2% ammonium sulfamate diet consumed
more food than did the basic diet controls. Sulfamic acid did not
have this effect. The ;&iter did not speculate concerning the under-

lying mechanism(s) involved.
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C. Dogs

Anbrose (002) studied the effect of sulfamates on blood pressure
and respiration in this animal. Dogs under ether anesthesia were
injected intravenously with sulfamic acid or ammonium sulfamate at
levels of 20 mg/kg BW and 100 mg/kg BW, and then observed for the
effects of these compounds on circulation and respiratory functions.

Both compounds, at the 100 mg/kg level, brought about a slipht
drop in blood pressure which promptly returned to normal. Doses of
20 mg/kg had no effect.

Both sulfamic acid and ammonium sulfamate, in doses of 100 mg/kg M,
caused a slight increase in depth of respiration; it returned to
normal after about a minute. Neither compound at the 20 mg/kp level
affected respiration.

D. Animals, unspecified

Wolfrom, Shen, and Summers (070), in a brief report on sulfated
nitrogenous polysaccharides and their anti-coagulant effects, concluded
that "the sulfamic acid group was a potent contributor to anti-

coagulant activity",

E. Humans
According to the Marck Index (062), ammonium sulfamate may

cause gastrointestinal disturbances in man. No details are given.

V. Drug Interaction

No information is available.

VI. Consumer Exposure Information

l. Apparently the only documented consumer exposure to a

GRAS sulfamate as a direct additive occurred in the City of
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Long Beach, California, in 1967, when zinc sulfamate was added
to the water supply in trace amounts as a corrosion inhibitor oun.

For several years the water in certain parts of the city had
a disagreeable taste and odor as well as visible evidence of corro-
-sion. These problems originated in 1962 when the city was forced
to rely on the Colorado River for 507 or more of its supply. The
water then became extremely corrosive and also difficult to
chlorinate successfully. The result was a very heavy bacterial popu-
lation and the associated foul taste and odor.

In 1967, the city received permission from the California State
Health Department to use a corrosion inhibitor consisting of zinc
sulfamate and phosphoric acid. This agent had been developed and
successfully tested in the laboratory during a five-year study of
the problem by the local Water Department. The inhibitor was
added to the water supply initially at a dosage of 3 ppm zinc
a8 zinc sulfamate. After two weeks, the zinc sulfamate content
was reduced to 1 ppmnand then maintained continuously at that
level for at least two years. Results of the treatment fulfilled
or exceeded expectations. The corrosion, taste, and odor pro-
blems were virtually eliminated, and surveillance by the City
Health Department indicated "no unusual incidence of gastro-
intestinal diseases or any other water-related diseases" (o7, 048).

According to Murray (0k8), the inhibitor's sulfamate ion
functions in two beneficial ways. By combining with the free
chlorine in the water, it eliminates the latter as a corrosion

factor and at the same time produces a long-lasting oxidant and
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biocide. At Long Beach, the high bacterial concentration respon-
sible for the obnoxious taste and odor was reduced practically to
o zero. When sulfamate is present, higher concentrations of chlorine
can be employed without giving the water a chlorinous taste., The
sulfamate ion combines with chlorine to form either a monochloro-~

sulfamate, or a dichlorosulfamate, ion depending on the amount of

chlorine used:
One mole part of Cly plus 1 mole part of sulfamate vields
monochlorosulfamate

OC1™ + NH,S03 —3 NC1HSO,~ + OH™
Monochlorosulfamate

Iwo mole parts of 612 + 1 mole part of sulfamate yields
dichlorosulfamate
"""" 2 0C1” + NH,S03——> NC1,S0,™ + 2 OH
- Dichlorosulfamate
The relative advantages o;-the two chlorosulfamates in different
situations 1s discussed.
When injected into the water supply, the zinc phosphate ions of

the inhibitor combine to form colloidal zinc phosphate. It coats

the water distribution system and "customer plumbing" with a
film that protects the metal from corrosive action of diasolved
oxygen, carbon dioxide, and corrosive ions. This film is so
firmly deposited that it cannot be rinsed or scrubbed off,
It does not become too thick, however, because colloidal zinc
phosphate does not continually deposit on itself.

Victoreen's study (068) of the inhibitor confirmed Murray's

findings and general conclusions. Morris and co-workers (045),
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however, while agreeing in the main with Murray and Victoreen,
interpret the chlorine-sulfamate chemistry somewhat differently.

The California State Health Department permits' the use of
sulfamic acid in drinking water at a level of one part per million
and enough chlorine to give & 1.5 to 2.5 ppm post-chlorine dosage
(048). No information has been found as to the possible effects
of long-term continuous exposure.

2. Apparently the principal consumer exposure to GRAS
sulfamates in the U.S.A. results from their presence in trace
amounts in paper and paperboard food containers (025, 060). How-
ever, this exposure is carefully regulated by the Federal Food and
Drug Administration under Section 121.101 h: "Substances migrating
to food from paper and paperboard products used in food packaging
that are generally recognized as safe for their intended use,
within the meaning of section 409 of the Act" (Food, Drug, and
Cosmetic Act as amended, 1958) (060). The presence of sulfamates
in certain types of food containers stems from their use in the

paper-making industry (See CHEMICAL INFORMATION, VIII. Occurrence,

C. Synthetics and Industrial Environments, 1.).

3. Certain foods represent a possible source of consumer exposure
as & result of contamination with traces of sulfamic acid from its use
as an acid cleaner for food processing and storage equiprent (025, 060).
Beer, and perhaps other beverages, should be included here also (053).

(See CHEMICAN INFORMATION, VIII. Occurrence, C. Synthetics and Industrial

Environments, 2.).

*
Use of sulfamic acid in the corrosion inhibitor was prohibited in
August, 1973 (0T71).
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4. The review article by Santmyers and Aarons (060) gives a
complete listing of the areas in industry where sulfamic acid
is used as an acid cleamerflv"Rsmoving hard-water scale in food
and dairy processing equipment and protein deposits on cooking and
pasteurizing equipment in meat, vegetable and dairy processing
plants", arﬁ typical examples. It is used also for cleaning
sugi; evaporators in cane-sugar and beet-sugar refineries,

5. Sulfamic acid is authorized for cleaning eqﬁipnent in all
departments of plants subject to 'the U.S. Department of Agriculture
Poultry, Meat, Rabbit, and Egg Products Inspection Programs" (025, 060).

6. Neumeister (053) investigated the value of sulfamic acid
for removing beerstone from Hi;ﬁuted or glass-lined tanks, kettle
and open beer coolers, and stainless steel and aluminum kegs.

A 2% or 3% solution removes approximately 902 of the deposit in

tanks after an hour's contact, and a second application removes the
remainder. For kegs, 0.2% to 2% solutions for 10 to 3 minutes
suffice. Regarding a possible health hazard to consumers, Neumeister
concludes that "normal rinsing should remove all of the acid, but
amounts that might remain in the beer would be unlikely to affect

either the beer or a consumer of it'.

7. Ammonium sulfamste may be present, for a time at least,
on certain fruits and vegetables that are accidentally contaminated
as the substance is sprayed in adjacent areas to kill weeds or vines.
In addition, food plants grown subsequently in areas cleared with
this herbicide may possibly take it up from the soil. An article
by Cupery and Gordon (020) contains an account of the herbicidal

properties and spplications of this compound. Apparently ammonium
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sulfamate has several advantages over other herbicides. It does
not permanently sterilize the s0il, is a flame retardant rather
than a fire hazard, and is regarded as non-toxic to animals. (016,
020; ob1)

8. Trace amounts of sulfamic acid may be present in sugar and
molasses from factories that use the sulfitation process according
to a study reported by Carruthers et al. (012),

9. Liquid dentifrices represent another possible area of
consumer exposure to sulfamates in view of their use as antigelation
agents for soap solutions. Sulfamates vere patented for this purpose
in Great Britain in 1938 (035).

10. Certain lots of medicinal hineral oil could possibly
contain trace amounts of sulfamic acid since it is used to acidize
(clean) oil wells (060).

11. The sulfamates apparently are not used as direct food
additives. None were included in a complete list of direct (non-
packaging) additives submitted at a U.S. Congressional Hearing in
1971 (069). None were found in the 1972 NAS/RRC reports (051,049,
052,050). They are not listed as such in the CRC Handbook of Food

Additives (028).
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APPENDIX

Import Information
A considerable amount of sulfamic acid has been imported during

the past few years. Figures released by the U.S. Department of
Commerce show:

Jan-Feb,, 1973--1,539,568 1bs,

Jan-Dec., 1972--5,271,025 1bs,

Jan-Dec., 1971-~5,447,484 1bs,

Jan-Nov,, 1970--9,227,371 1bs.

More detailed data are presented in Table 8 (Nn4),

Table 8. Sulfamic Acid Imported (1970-1973),

General Import Import for Consumption
Net Value Net Value
Country Quantity (dollars) OQuantity (dollars)
(1bs) (1bs
Jan-Feb, 1973 1,539,568 146,027 Same as for General Import
Japan
1972
Japan 5,271,025 495,609 Same as for General Import
1971
W. Germany 125,397 12,596 69,841 6,272
Switzerland 1,230 301 1,230 301
Japan 5,320,857 449,645 5,320,857 449,645
All countries 5,447,484 462,542 5,391,928 456,218
Jan-Nov, 1970
Japan 9,142,950 646,512 9,142,550 646,512
Other countries 84,821 6,798 84,821 6,798
All countries 9,227,371 653,310 9,227,371 653,310
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 STUDIES ON THE PHYSIOLOGICAL EFFECTS OF SULFAMIC ACID AND
AMMONIUM SULFAMATE*

ANTRONY M. AMBROSE

From the Depariment of Pharmacology, University of Louisville School of Medicine, Lovisville, Kenbucky

¥ ) ECENTLY Cupery and Gordon (1) have
Y\ reviewed the properties and industrial
applications of sulfamic acid and am-
monium sulfamate. They also point out that very
little information is available relating to the physio-
logical properties of these compounds, other than

. prelimipary studies by the Haskell Laboratory of

Industrial Toxicology in which 1 gram daily fed
to dogs for six days gave no systemic effects, and
that brief contact with the skin produced no irrita-
tion. ' '

Because of the increasing industrial applications
of sulfamic acid and ammonium sulfamate, and
the dearth of knowledge dealing with the toxicity
of these compounds, about a vear ago we were
prompted in making the studies herein reported,

Sulfamic acid and ammonium sulfamate were
studied with regard to their toxicity after intra-
peritoneal injection, oral administration, applica-
tion to the skin, and the action on blood pressure
and respiration. In most of these studies ¢4 per
cent solutionsof sulfamicacid orammonium sulfam-
ate were used. The pH of these solutions, when
measured electrometrically, were 0.82 and 4.82
respectively. In studies on the continued oral
administration, the compounds were mixed with
the food and fed to rats ad libitum.

Acute Toxzciry

The acute toxicity of sulfamic acid and am-
monium sulfamate was studied in male white rats
weighing between 80 and 100 grams each alter
single intraperitoneal injection or oral admiunistra-
tion by stomach tube. The dosage range, number
of animals used, and the mortality are summarized
in Table 1. Al doses were administered in terms
of sulfamic acid per kilogram of body weight.

Sulfamic acid after intraperitoneal injection in
doses of 0.1 to 0.8 gram per kilogram produced no
toxic symptoms, although deaths occurred on all
these dose levels 4 to 72 hours after administration.
After oral administration the minimal fatal Jose
(QLF.D.) killing any animal was found to be 1.6
grams per kilogram. No toxic symptoms were

* Received for publication September 24, 1942,

observed. Death occurred 12 to 20 hours after
administration.

Ammonium sulfamate after intraperitoneal in-
jection appeared to be definitely less toxic than
sulfamic acid, The M.F.D. was found to be 0.8
gram per kilogram. Fatal doses of ammonium
sulfamate produced stimulation of respiration and
prostration. Death occurred within 45 minutes
following administration. Rats receiving doses of
as much as 1.6 grams per kilogram of ammonium
sulfamate orally survived without showing toxic
symptoms.

TABLE 1
ACUTE TOXICITY OF SULFAMIC ACID AND AMMONICM
SULFAMATE
SULFAMIC ACID AMMONLUM SULFAMATYE
Intraperi- Oral Intraperi- Oral
DOSE toneal toneal

Number of animals Number of animals

002

Used | Dead { UsedjDead| Used | Dead {Used [Dead ‘
grams/ T L
bgm.
0.1 5 4 5 0
0.2 5 5 5 0
0.4 5 3 101 0 9 0
0.8 5 5 510110 6 S10
1.2 S| 0 5|0
1.6 8] 2 ) 4 8§10

Crroxic Toxtcrry

The toxicity of sulfamic acid and ammonium
sulfamate when added to the basic diet of rats was
studied in female white rats 30 days of age and
averaging 50 grams in weight. Five groups of five
rats each were selected and placed in cages in
groups of five.  One group was placed on the basic
diet consisting of yellow corn meal 72, casein i0,
linseed oil cake meal 10, ground zifalia 2, bone
ash 1.5, sodiura chloride 0.5, Drewer’s yveast 1,
and cod liver oil (U.S.P.) 2. The remaining
groups were placed on two levels of sulfamic acid,
1 and 2 per cent, and two levels of ammonium
suliamate, 1 and 2 per cent. The 1 and 2 per ceat

26
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levels of ammonivm sulizmate supplied the same
amount of sulfaniic acid as did the 1 and 2 per cent
levels of sulfamic ucid respectively. Tree access
to food and water was allowed at all times.  Rats
znd focd consumption were recorded ouce cach
weck for 13 weeks, and the average weights, food
consumpticn, and drug consumplion ¢f the antimals
in each group were plotted as shown in Figure 1.

From the figure it can be seen that sulfamic
acid or ammonium seifamate in 1 per cent con-
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Fic. 1. Average bodv weights, drug intake and
food consumption of white rats receiving sulfamic
acid or ammonium sulfamate in food {or 105 days.
Each curve represents au average of 3 rats.

centration in the diet had no efiect on growth rate
of rats 2s compared to controls. Food consump-
tion of rats on this dietary level was not signif-
cantly different from that of the controls. In rats
on the diets containing 2 per cent sulfamic acid
or ammonium sulfamate growth was definitely
inhibited. However, the inbibition in growth rate
was not due to decreased food consumption since
in the group of rats on 2 per cent sulfamic acid
the food intake was not significantly different
from that of the controls, while in the group of rats
on 2 per cent ammonium sulfamate diet, food con-
sumption was greater than that of the controls.
Therefore, the inhibition in growth rate of rats
rzintained on 2 per cent sulfamic acid or ammo-

nium suliamate diets respectively, we {eel was due
partly to the toxic action of the compounds and
partly to the slight cathartic action induced by the
compounds.

At the termination of the feeding period all
animals were sacrificed.  Grossly no changes were
apparent.  Histological examination of the visceral
oreans failed to reveal any changes that could be
ascribed to the drugs.

LocaLn Errecrs

The local effects of sulfamic acid and ammonium
sulfamate were studied on rats by subcutaneous
injection, on rabbits by instillation into the con-
junctival sac, and on humans by cutaneous
application. ‘

In 10 rats following the subcutaneous injections
of 2 ce. of & 4 per cent solution of sulfamic acid
extensive necrosis appeared at the site of injection
within 24 hours, which healed completely in about
30 days. After the subcutaneous injection of 2 ce.
of a 4 per cent solution of ammnnjum sclfamate,
no signs of irritation, inflammation, or necrosis
were observed. '

The instillation of 0.5 cc. of a 4 per cent solution
of sulfamic acid into the conjunctival sac of 5
rabbits produced @ moderate degree of conjuncti-
vitis and edema. The instillation of a similar
amount of ammonium sulfamate into the con-
junctival sac of 5 rabbits did not produce any
irritation.

To the anterior surface of one arm of each of 5
human subjects a 4 per cent solution of sulfamic
acid was applied several times a day for 5 days.
The other arm was similarly treated with a 4 per
cent solution of ammonium sulfamate. To the
arm receiving sulfamic acid, a slight degree of
irritation was cxperienced by all subjects. Each
subsequent application appeared to be more irritat-
ing than the previous one. In some subjects a
slight reddening of the skin was produced. These
reactions did not appear cumulative since on the
following day the treated arms appeared normal.
To the arm treated with ammonium sulfamate no
irritation was experienced by any of the subjects.

SFPECT ON CIRCULATION AND RESPIRATION

The effects of sulfamic acid and ammonium
sulfamate after intravenous injection on blood
pressure and respiration were studied in'dogs under
ether anesthesia. In doses of 20 mgm. per kilo-
gram sulfamic acid or ammonium sulfzamate had no
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effect on either blood pressure or respiration. In
doses of 100 mym. per kilogram, both suliamic acid
and ammopium sulfamate produced a slight fall
in blood pressure which promptly returaed to nor-
mal. On respiration the only effect noticed was a
slight increase in depth, which returned to normal
after about one minute,

StrvsMary AND CONCLUSION

1. The acute toxicity of sulfamic acid and am-
monium sulfamate has been determined in rats
following intrapertoaeal and oral administration,
Sulfamic acid after intraperitoneal injection is con-
siderably more toxic than ammonium sulfamate.
After oral zdmiuistration in doses of 1.6 grams per
kilograra suifamic acid was fatal to 23 per cent of
the rats, while ammonium sulfamate caused no
fatalities.

2. The continued oral ingestion of sulfaraic acid
or ammonium sulfamate to female white rats for

AND TOXICOLOGY [eol. 25, 2o, 1

an inhibition In growth rates of
trations of 2 per cent, but no efsct
on 1 per cent :' the dict of the respective com-
pounds. J\“ta ation of growth on the 2 per cent
Jevel was not due to restrictad food intake, siace
food consumptxon of these animuls was as great us,
or greater, than that of the controls,

3. Suliamic acid after subcutancous injection
in rats, on the conjunctiva of rabbits, and after
cutaneous application on humans was definitely
irritating, while ammonium sulfameate did not DIoO-
duce any irritation. )

4. Circulation and respiration were not seriously
influenced by the compounds after intravenous
injection of 100 mgm. per kilogracm.

5. Frowm these studies it appeurs, therefors, that
suliamic acid or ammonium sulfameie presents ao
seriotts health hazards, hut that suliamic acid i3
definitely more toxic by all modes of administra-
tion.

103 days causcd
rats on concen
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Comparison of Methods for Determination of Sulfamates

WILLIAM W. BOWLER AND ERIC A, ARNOLD

Department of Chemistry and Cheomical Ingineering, Case School of Applied Science, Cleveland, Ohio

The u=c of stundard nitrite solution for the direct titration of primury amino
groups has been extended to the determination of sulfamates, The titration of

the

sulfimate content,

CLEAMIC aeid and many of its salt= ave proving to he very
S weeful industrial chemienls for such purposes as fire retardants
and weed killers 791 A study was reeently undertaken ia this
laboratory on the rate of Bydralysis of sulfamic aeid, wnd a
method for determining this acid in the presenee of atmuenium
sulfate and sulfurie acid was needed.

Reeanse of this, it was deedded to undatake a review of the
racthods of anadesis for the sulfinste fon with @oview to finding o
rapid, simple, vet aecurate procedure for its determination. A

sonvel of the Hiterature revealed that anly two methods have

hoen yn'npu»w\l tlog foer,

Jgumgarten and Krommacher (1) precipitade the suliutes as
barium :aiste from a solution surrounded by ice, and filter off
ard weigh i the vsual yroieer the barium salfate produced. A
second portion of the sune solation ia acidified with ditute hivdro-
chlorie aeid snd heated to hoiling with an excess of sediyme ritrite
solution, ‘FThe suliamate jon s quantitatively oxidized to satfate
ion and fice nitrogen. Dariom solfate is then preeipitated,
Alrered, and sweighed i the weanl menner. In - the first sumple,
only the suiluies are precipitated, while in the second sanple) o
addition 1o the sulfites origiinlly present, the suliates protuced
by 1he oxidation of the snlfamate are alsn preeipitaned. Fiom
the difference is obtained the weight of barbn sulfate equivalont
to the sulfamate in the original sample.

Meuwesen and Merkel (4) weat the sulfamate solution, aeidi-
fied with dilute sulfuric aecid, with excess sodium pitrite in a
sperial evolution fask, and nmensure the volume of nitrogen
evolved sfter removing the nitrie oxide hy bubbling the pus
through alkaline permanganae. The volume of nitrogen, after
correetion to standard conditions, is a measure of the sulfamate
in the samnple analyzed.

Both methods offer disadvantages. The Baumgarten and
Krummacher methad is slow and tedious like all gravimetrie
procedures, and the Meuwesen and Moerkel procedure, thouuh
rapid, is subject to all the hazards of 2 gas evolution method and
requires speeial apparatus. _

1t was decidad to atlempt the direet titration of the acidified
sulfamate solution with sodium nitrite, producing a simple, rapid
volumelrie methord, similar to methods for the determination of
primary amino groups.  Methods of this type are given in the
U. 8. Pharmacopucia {53 for the analvsis of sulfanilamide and
sulfapyridine.

Cumming and Alexander (2) have recommended the same
titration for the reverse purpose, the standardization of sedivm
nitrite solutions.  They add sodium nitrite to the acidified sul-
famic acid solution until about three fourths of the sulfamie acid
has reacted. They then warm the solution to 30° C. and eontinue
the titration slowly, using un external indicator such as starch-
jodide solution or Griess’ diazo reagent, a mixture of sulfnnilie
acid and e-naphthylamine, to determine the end point.

With this background in mind, the following proccedure was
adopted and found satisfactory.

One hundred milliliters of sulfamate solution containing 0.15
to 0.2 gram of sulfarnic acid wre acidified with 10 ml of 10%
sulfuric sacid, and titrated slowly ot roem femperature in an
Filenmever or indine flask with a standard sodium nitrite solu-
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acidified sulfamate solution with standard gedium nitrite, using an external
indieator such as starch-iodide, yiclds satisfactory results on solutions of known
‘I'hie method is compared with those in the literature.

tion. The sodium nitrite solution should be approximately 9o
on. - h ¥ 02
N with respect to sulfamnate, aceording to the equation

HNO, + NIL—S80,~0H —> N, + H.80, 4 1L

After the addition of each 5 ¢r 10 ml. of nitrite solution the
flask is stoppered and shaken vigorously to aid in the removal of
the nitrogen evalved,  Near the end poiut the titra‘ion must by
curricd out drop by drop, with shaking sfter caclo addition, 44
soon as a drop of the titrated solution canses n blue diseoloratig
of the starch-wdide solution on a spot plale, the equivalenee pips
ig considerad reached. )

This procedlure wus {ested on salutions contrining knos
amounts of La Motte’s sullainie sieid, dried to constant weixht iy
a4 vacuum oven at 35°, and titrated with 0.1 N carbonite-free
sodium hydroxide, using pheuolphthalein as an indivntor, The
results are given inTeble L '

1 can be seen from the above data that the best coneentratioy,
is 0.15 to 0.20 gram of sulfamic acid in 108 16l of solution, The
accuracy falls off if there is more than 0.25 gram in this volume
The accuracy in the very dituta solutions wonkd probably be i
creased if more ditnte sodium nitrite were wsed.

In order to make a comparizon of tha two previeus methods with
the direet titration, three comne elul samples of srmmonhom syl
famate were analyzed hy all three methods (Luble 1), Sample:
1 and 3 were fire retardants for {lumeproofing fabrics, and sample

Table I.  Determination of Sulfamic Aecid
Sulfamie Acid Q2177 N
Taken NaXNOs
Gram
0.0202 2.

Gulfamie Acid
Found

Gram

Diflerence
ram

Av. 4-0.0004

0.0506

-Av, L +0.0002

0.1012

-+ 0.0001
0.2025

&0, 0000
0.2531

Av, ~0.0008

0.2888

590 ©0CED S S00S 0000 o COS0 £ 000D

e
=
=

Lau0d
Lou8i
Av. 2884

-
S
-
@
<

C—0.0014

1 mule of NaNOs is equivalent to 1ol of DHSG0H; 1 i, of 0217
N .\u‘st)s is equivalent to 0.007045 gram of N1t
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Table II.  Comparison of Methods
) (La Motte),
- Kulfamic
Armunonium Bulfamare . Acid
Method Eample 1 Hample 2 Sampie 3 Sumnple 4
: o Go % “
gompsiten snd 08 50 €8 75 €0.02 160 2
KD Iiaacner 68,81 838 .48
Av. 68.05 86.062
fauwesen atd 8.5 - 84.0 £9.5 #9.8
L?.?:\r‘kal Soeag 84.0 69.2
Av. 404 . 84.0 6y .4
{orect tiration $6.47 £83.91 60,29 100.0
: - 043,37 B2.48° 63,67
Av. 16,42 84.20 60.13

2was o weed killer, The purified sulfamic acid obtained from the
cal Corupany is wlso included,

Sevarad oller soethods of analysis were tricd, without success.
fiest, the sulfamate selation to be analyzed was aeidified anud
treated with en exeess of sodiwm nifrite.  Fhe exeess nitrite over
that recsired to reavt with the sulfamate was then detecmined by
Hing exeess potasshunn peramanganate, and {he excess potassium
prmeziuate vwas detersined by either of the standard methods,
g ferrons nmmouium sellate or potassisnn iodide and sodiun
Bosulfate, fnstead of using potassivm  perinenganate, an
gtempt was mpde to detervine the exeess nirrite directly with
wlassivm todide and sodiura thiosuifate, carrving out the titra-
ten i an atnwsphere of carbon dioxide.  Neither method gave
ool reculls,

Fin iy, an stiemol waz made to find a redox indieator for the
direct. titration of sulfnmate with vitrite.  Nuphthol blue-black

' ‘\‘f‘y .
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gives a color change from blue to purple vear the equivalence
point, hut the end point is too sensitive to pH, and the indieator
blank correction tun large to give sulisfuctory results. However,
thix indieator is useful in finding an approximate end point for
use in conjunction with the external indieator.

Oxidizing constituents in the solution, =uch w~ ferric salts,
ozone, hydrogen peroxide, und eblorine, inteifere with the detees
tion of the end point. T the presence of wny of these, Griese
diszo reagent ean be used instead of the stureh-iodide solution,

SUMMARY

A stady of methads for deternuining the suifamate ion resulted
e extension of the method of Gtrating sultunilajide and
sulfapyridine with a standard solurion of =odium nitrite, u-ing n
starch-lodide solutian as an exterad indicator 1o the determing-

*tion of the sulismate ton.

Naplithol blue-black serves gs un internal unlicator to give an
approximate end point but beenuse of its dependence on the pll of
the ralution, it cannot be used for an accurate deterination of
end point.

The method developed is rupid, direct, and as acenrte as ex-
wting methads, and requires no gpecial apparatus,

LITERATURE CITED

) Brumsgarten und Krunmaeher, Ber., 67, 1260 (1934,

2 Cumnming and Alexander, dnualyst, 68, 273 (1943).

(4 Cupery urd Gordon, Fad, Evg., Chem., 34, T4 (132y.

) Meuwesen and Merkel, Z. anarg. allyem. Chem., 244, 59 (1640;.
(B UL s Phavmiacopoeia, 12

Presesenp before the Division of Auslyvtieal and Miero. Chermistry st the
170th Meeting of the AMERICAN CHEMICAL S0CtR1Y, Chicago, 111

gw, e



010

Brasted, R.C. 1961

Comprehensive Inorganic Chemistry, Vol., VIII
Sulfur, Selenium, Etc.

D. Van Nostrand Col, Inc., Princeton, N.J.



012

* Carruthers, A., J.F.T. 0ldfield, M. Shore and A.E. Wootton
The chemistry of sulfitation.II., Brit. Sugar Corp. Tech. Conf.,10th 1957,
31 pp; Sugar Ind. Abstr. 20, Abstr. No. 42 (1958); cf. C.A. 51, 12518d

The SOgcontent of the stove gases at several beet-sugar factories was mostly
97-99%; the content of S0, (or total acidic gases) in exit gases from sulfi-
tation towers was negligible. The S content of condensates from the vapors
from evaporators was also negligible. Analyses of S in carbonatation juice,
thin juice, juice in the evaporators, and in thick juice were made as detns.

of SOp released by acid reflux, SOy released by alkali hydrolysis followed by
acid reflux, and sulfate concn. The figures for SOp by acid reflux varied widely
from factory to factory. No addnl. SOy was released by alkali hydrolysis of
thin juice, but extra amts. were obtained from thick juice. These quantities
are probably related to the amt. of invert sugar destroyed during passage
through the evaporators. The only significant increase in sulfate concn.
occurred between the 2nd carbonatation and thin juice stages; the amts. vary
considerably in different factories. The oxidn. to sulfate is not related to
the O content of tower gases (1 factory used liquid SO2 as the gas source),

but it must occur in some reaction in soln. It was previously shown that the

S measureable by the above methods in molassses accounted for only about 50%

of the 50, used. Total S analyses by oxidn. with HC1l0,; in the presence of

HNO4 have now confirmed this and have shown that most of the $05 can be
measured in the molasses. Tests of color formation on heating sirups contg.
sucrose, invert sugar, NaHCO;, and varying amts. of NaSO5 showed that the
increase in color (after 17 hrs. at 85 ) was kept low by the presence of S0,
and that the prior addn. of degradation products of invert sugar had no effect
on the final color and did not increase the sulfite requirement. Analyses of
ash from a sample of sugar of esp. high ash content showed that K salts (as
sulfate) formed 80% of the sulfated ash. A salt could be pptd. from the

sugar soln. by basic lead acetate. On decompn. of this salt with HpS, an acid
could be crystd. which was proven to be sulfamic acid. K sulfamate does not
give a Pb salt ppt.; therefore, the sulfamic acid must be a decompn. product of
a substance in the "ash". K imidodisulfonate has previously been detected in
molasses (Veibel and Brieghel-Muller, C.A. 41, 186la), and its presence

in molasses from various white-sugar factories which use sulfitation has now
been confirmed. The imidodisulfonate would give sulfamic acid by hydrolysis;
it can itself be formed by partial hydrolysis of the related aquoammonosulfuric
acid, nitrilosulfonic acid. It was found that the nitrilosulfonate is readily
produced when KNO, and potassium bisulfite solns. are mixed. Examn. of aq.
macerates of fresh beet showed that small amts. of nitrate were present. The
nitrate could be reduced to nitrite by such bacteria as Bacillus stearothermo-
philus, which occurs in diffusion systems. Conditions may, therefore, occur in
sulfitation towers such that aquo-ammonosulfuric acids are formed.

* Original article was unavailable. An abstract is reproduced here.
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Gasometric Determination of Nitrite and Sulfamate

W. N. CARSON, IR., Hanford Works, General Electric Co., Richlund, Wash.

" A micromethod; suitable for the determination of
small amounts of nitrite in the presence of a large
amount of nitrate, and with a minimum number of
manipulations of the actual sample because of
radiation hazard, was required. A gasometric deter-
mination has been developed that ean determine
0.01 mg. of nitrite with a precision of 23.0¢; and 0.8
mg. with a precision of =03¢%. The mecthod is

highly specific and few interferences are encoun-

tered. The entire procedure requires 20 minutes, A -

HIS investigation was made to develop a rapid and precise
method for the determination of small quantities of nitrite in
the presence of large amounts of foreign jons and diluents. A
simple modifieation of the procedure enables a similar determina-
tion of sulfamate to bhe made.
The detennination is based on the rapid quantitative reaction
of nitrite with sulfumate in acid solution,

NaNO, + HSO0NH. = Nall=0, + N, + {L,0O
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simple modification of the procedure allows the
determination of sulfamate with a precision of
*#5% for samples containing 2 mg. Interferences
with the method are limited to compounds that
conlain the amino (—NIL) group. The method de-
scribed permits a rapid determination of nitrite and
sulfamate with minimum sample manipulation.
It is possible that the mcthed could he adapted to
the determination of the amino group in com-
pounds other than sulfamate.

and the subsequent measurement of the volume of nitrogen
evolved.  This reaction is the basis for a titration method for su.
famic acid which was first suggested by Baumgnrten and Mo

gralf (2).

Sowe substances which interfere with the methed can exisi i
alkaline solution with nitrite; nitrite will oxidize or reduce thes
substances when the sample is acidified. Other irterfering sul-
stanices react with sulfiie solution in peid solution to give Erines

which are unabsorbable in alkali.

Halogens and ehlorates rea:

with sulfamic acid to give nitragen; permanganate, ferrie iros,

and chromie acid do not reaet (1).

acid reacts with sulfamie acid to give nitrous oxide: dilute ac.
(less than 75%,) does not react. Suhstauces containing the po

mary amino group (—=NI1.) react with nitrite to give nitrogen,

A snrvey of the avparatus that is useful for measuring smaliv
uwes of nitrogen showed that a modified micro-Dumas apparat. |
was most feasible.  In this apparatus, the pitrogen ie cvolved o0
reaction flask and is ewept into an e,
tometer with a stream of pure earbon &}
oxide which is removed by absorption =

sodium hydroxide.

[
.

NITRITE DETERMINATION

Apparatus.

72/
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The apparatus is shown ©
Figures 1 to 3. Thao carbon diowide g
erator is essentially that described |

+Niederl and Niederl (4), but the safe!
vent is modified in that s sintercd-gh
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is used in place of the filter paper assembly. In use,
carbon dioxide is placed in the Dewar flask and the sublimed
inkept at a sufficiently-high pressure so that gas is continually
ted through this disk. The pressure is adjusted by adding or
ving mereury in the safety reservoir. A pressure of 30 to 40

. of mercury above atmospheric pressure is used. The heater
soften necesvary to sugment th? “heat leak' of the flask in order
provide gas in the quantiticanceded. After the flask is lushed
i 24 hours, the blank is 0.002 to 0.003 ml. per 100 m). of gas used.

~ e

ver, the flask waa recharged every week during this investigation.
The gaa holder is eimilar to the ono described by Nieder! and
vieder] (4), but the mercury is manipulated with a pressure lift
thich may be omitted. The pressure of the incoming air is regu-
hted by the pressure regulator to a value just sufficient to raise the
. jzercury to level L (Figure 1), and thus inereury cannot be acei-
¥ lentally foreed into the train. The pressure regulator is the one
f pscribed by Carson (8). The adjusted capacity of the gas holder
. §3100ml. The capacity is altered by varying the amount of mer-
‘:-, ury in the aspirator bottle.

CORNNE Figure 3. Reactor
1280

Y

The reactor design (Figure 2) permits complete outgassing of
the renction flask and reagent. Stopcock A permits back-flush-
ing of the reaction flask head, which prevents premature reaction
of the sample with any sulfamic acid splashed there during the
Previous determination. It also serves to shorten the train during
i outgassing, as the air in the reaction flask can be vented through
* it rather than through the entire train on the outgassing sweep.
Funuel F provides a means of flushing out the reactor between
famples to prevent premature reaction of the sample.  The capae-
ity of the reagent supply vessel is 60 ml. which is eufficient for a
bundred or more determinations; the vessel is outgassed (once
ber Flling) by suitable adjustment of stopcocks B and C. Iea-
gent is added to the outgassed sample by manipulation of stop-
cock ' so that carbon dioxide ean enter the reagent supply vussel,

t not the reaction flask, and stopcock B so that liquid can rise in

the tube and pass into the capillary, The volume of the capillary
isabout 0.5 ml.; this smount of 0.1 N reagent is sufficient to de-
Compose any sample that can be measured in the azotometer.
When the capillary is ful), stopeock B is turned so that carbon di-
axide from the generator forces the reagent into the reactor flask.
Figure § gives the diagram of the microazotometer used. The
Weasuring portion conststs of & 1-mm. capillary with a seale in

e filling of dry ice is ordinarily suflicient for several weeks; how- -
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millimeters attached.  In use, the nitrogen collects in a large bub-
ble at the buse of the capillary. At the end of a run, this bubble is
forced into the capillary by lifting the leveling bulb and opening
the stopeoek.  The volunie of the gas bubble is measured by the
determination of the length of the capillury occupied.  The capac-
ity was 187.3 microliters for o 200-mau. length und the capillary
was assumed to be of uniform bore.  The semimicroazotometer
used was the standard model available fro:n supply houses, with a
capacity of 1.5 ml. Tn use, the azotometers ure filled with 509,
potassium hydroxide and mereury in the usual manner.

)

J cammiany

%At ©-200 W

\comemretta
10 LEVELUG SRS

Figure 3. Micreazo-
tometer

Procedure. Use a sample of sufficient size to give s con-
veniently measured amount of nitrogen (0.5 to 1.2 ml. for the
semimicroasotometer, 80 to 100 microliters for the micro-
asotometer). For samples of low nitrite content, increase the
gize of the reaction flask to the size necessary to hold the sample.
Neutralize acid solutions to alkalinity, but avoid a large excess of
base. Attach the reactor flask to the apparatus, and outgas the
aamptle with 2?0 ml.ﬂt:f 'cgrbon dioxége. If lt;he train has been
swep$ previcusly on that day, vent the gas through stopcock 4
and funnel F* (I‘{gure 2). Titbe trainhas not been used that day
pass the gas through the entire train, using such additional gas as
necessary to reinove all air.  All air is removed when only micro-
bubbles appear in the azotometer. Shut off the gas flow at the
Eu holder, and test the system for leaks by lowering the laveling

ulb of the azotometer. A leak will appear Bs a continuous
stream of bubbles. A few bubbles will appear when the bulb is
first lowered but.will not continue if the apparatus is gas tight,

&

e
azAsOIT

A ) B8 .
Figure 4. Position of Stopcocks during Manipulations

Introduce the sulfamic reagent (0.1 N sulfuric acid + 0.1 N
sulfamic acid) as follows: (Figure | gives the position of the stop-
cocks of the reactor during this step in the determination. Part
A shows the position while the eapillary is heing filled; part B
shows the position after it is filled.) Fill the gas holder, and
bring the gas in it to the pressure of the pressure regulator by
manipulation of the air-lift stopeock.  Heat the selution in the
reaction flask by raising a large test tube filled with water at the
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Table 1. Detershination of Nitrite
Nitrite Added, Grams Liter
4.300¢ 0.5u38
Nitrite found,
o mlv;sﬂi}ﬁ*r

4.407 0.600
4389 0.621
4.3%9 0.610
4.382 0.610
4.371 0.621
4.389 0. 597
4,362 0.574
4.388 0.617
4,400 .
4 307 .
4,306 ..
4.407 ..
4.403 .

Average 4.391 Q.603

Btandard deviation

Girams/liter *=0.013 =0 018
Per cent w0 .31 »3.0

s Approximate volume nitrogen collected, 0.50 ml.
b Approximate volume nitrogen collected, 0.070 mi.

T

hoiling peint (but not actually boiling) around the reaction flask.
Cautiously open stopeock B (Figure 1) to the Eomtmn in part C,
and allow the reagent to enter the reaction flask. Turn stopcock
B back to the position in B (Figure 4) and heat the reactor flask
ngain. Now allow just sufficient carbon dioxide to pass into the
reaction vessel so that the cooling of the reactor contents does not
cause n partial vacuum.  Allow to cool for 1 minute, and adjust
the gas flow from the gas holder to a rate such that 1 bubble of gus
r second enters the azotometer. It is imperative that this rate
low, or undesirably large bubbles of nitrogen will be formed in
the azotometer.  When most of the nitrogen has passed into the
azotometer as sliown by the decrensed bubble size, inereuse the
sweeping ruate to approximately 0.2 ml. per second, until the gas
holder is three fourths empty, at which time inerease the rute to
0.5 ml. per second.  Use only one gus holder full of eurbon dioxide
tosweep. Ruise the azotometer bulb, open stopeoek A (Figure 2)
to vent, and remove the sample flask.  Flush out the reactor by
getting the stopeocks of the reactor <o that water cannot enter the
reagent supply vessel, and adding water to both funnels (£ and
F’, Figure 2); allow to rinse thoroughly.  Place the next sample
flask on the reactor, and outgas as outlined above.  During the
aweep adjust the leveling bulb ol the azotometer, obtain the read-
ing of the volume of gas, and note the temperature and pressure.
Remove the pitrogen by opening the stopeock and rasing the
leveling butb. At the end of euch day, remove the azotoweter
from the train, and remove the leveling bulb and tubing.  Allow
the bulb and tubing ta drain but do not rinse.  If the tubing ¥
rinsed, the dilute alkali formed attacks the rubber and causes the
appenrance of o marked dizcoloration in the next day’s alkali.
horoughly rinse the azotometer and remove the stopeock, Do
pot replace the stopeock until just before use to preveut sticking.
1t must be heavily greased, preferably with white vaseline.

Calculations. To compute the grams per liter of nitrite, the
following formula is used:
Nitrite (gram- liter) =
. 7w X 1P = N,
(1 = X 0 e X X
rxnr N
ahere 17 = observid volume of nitrogen in mi.

P = ohserved pressure of nitrogen in mm. of mercury

T = observed temperuiure of nitrogen in °N.

4 = correction to volume of nitrogen contributed by
ealibration of azotometer, adhesion of atkali on
wall, and blank of nitrogen in earbon dioxide

= correction to baromwetrie pressure coutributed by
aqueons tension above the alkali, and burometer
carrections (hruss seule, ote.)

1o

XS

(1)

m = nass of 1 ml of nitrogen at 0° C. and 760 mm. of
merenry = 12500 mg. per ml.

NO, . L "

N = fuetor for nitrite in nitrogen = 16422

s ~ample size inmieroliters

T, = 2331 K.
= 760 mni. of mereury
After substitution for the constants, the formula reduces 1o,
.oy s (V- -0
N t ams/ e = T3TY o s e e
itrite (grams/liter) = 737 § 273 5D (2)

where £ = observed temperature in “C.

‘generator be vented at all times through the eafety valve, a

ANALYTICAL CHEMISTRY

Values for some of the corrections can be found in Nieder! ang
Niederl (5) (aqueous tension and adsorption of alkali on the wall;
Barometer corrections are obtainable from standard handbooks,
The other corrections are experimentally determined. The blarn}
should be determined by performing an actual run without 5
sample. Tt is advisable not to tzero” the azotometer for this de.
termination because the volume of the blank is so small, but ¢, }
Jower the level of the alkali in the azotometer to a convenien:
mark, read the azotometer, run the blank, and determine the
blank value by difference. It is important that gas from the

Soacb

otherwise the quantity in the gas holder will vary.

Results. Two standard solutions of sodium nitrite standard.
ized by titration with permanganate were analyzed by the
method deseribed herein.
microliters. The results obtained are given in Table 1.

SULFAMATE DETERMINATION

Preliminary Investigation. The reaction of sulfamate and
nitrite to give nitrogen can be used to determine sulfamate g §
well as nitrite. A difficulty arises hecausc the final reactiog
mixture is an acid solution of nitrite, which on prolonged sweep.
ing with inert gas evolves variable quantities of nitric oxide which
is nonabsorbable in alkali. Consequiently, an absorption sectiog
for nitric oxide removal must be added to the apparatus.

T2

LY

&
N :
\ s
e, |

‘§ sotuton
> E

.} c

Figure 5. Nitric Oxide Scrubbing System E

The ecommon reagents in gas analysis for removal of nitric oxid§
are ferrous sulfate in dilute sulfuric acid and acid permanganaw §
Tests with numerous types of scrubbers showed neither of the r
agents to be effective under the cowlitions of the determinatic
Other oxidizing agents were tried; hypochlorite and hypobrom: -}
were unsatisfactory because both gave oxygen when treated wit
carbon dioxide, and ammonium bexanitratocerate was unsatisfacy
tory when the sweeping rate was above 50 ml. per hour. 3

The scrubbing system adopted is based on the reaction of b ‘
mine with nitric oxide in the presence of water:

2NO + 3Br; + 4H,0 —> 2HNO, + 6HBr

The scrubber system saturates the gas stream with bromine ar:
water vapor. ‘This combination gives efficient scrubbing. Bre
mine vapor reacts with the mercury in the azotometer; thus:
must be removed from the gas stream.  The best reagent for th:
purpose was 2 M sodium sulfite. Acid sulfites would give mer
capacity, but they evolve sulfur dioxide which, although readil
absorbed by the 509 potassium hydroxide in the azotomet:
forms the relativelv insoluble potassium sulfite, which clogs tt
arzotometer. . )

Apparatus. Figure 5 gives the design and details of ti
gerubbers. Scrubber A contains liquid bromine below a wat¢
layer and saturates the gas stream with bromine and water vapd
Scrubber B is used to prolong the scrubbing and contains by
mine water. Scrubber C holds the sodium sulfite solution el
to remove bromine vapor. : |

The remainder of the apparatus used is identical with that us

The sample size taken was 202 !’:
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s the determination of nitrite, except that the reagent vessel
s now filled with 5% sodium nitrite. The scrubbers are inserted
s the train between stopcock A (Figure 2) and the azotometer.

Procedure. The sample is added io the reactor flusk and
widified strongly with sulfuric acid. The procedure from this
point 00 is identical with that for nitrite. .

Calculations. The value of the sulfate is given by a formula
malogous to that used to compute nitrite except for the factor
\1{591 (factor for sulfamate in mitrogen).

(Vv — b)(P_: _f)
(8)(2713.1 + 1)

Results. Table I gives the results of the determination of
sandard sulfamate solution. These solutions were made from
primary standard sulfamic acid and triple distilled water and
sere checked by titration against base. The sample size used
vas 190.9 microliters. :

Sulfamate (grams/liter) = 1341.2 X )

DI1SCUSSION

Although no work has been done on the adaptation of the
method for sulfamate to the determination of other substances
wntaining an amino (—NH,) group , it is probable that this could
tedone. Conversely, substances containing these groups are the
aly’known interference with the sulfamate method.

The apparntua described hay proved serviceable. Breakage in
use has been confined to the capillary extending into the sample
weactor flask which has been made easily replaccable.  Determi-
nation of the correct blank for use with the microazotometer is dif-
fieult to obtain directly. However, if 8 number of standard sam-
Ples, say 5, is run, the average blunk can be determined with fair
precision. ‘This indirect method is much more precise than the

1018

Tuble 1. Determpination of Sulfumate
Bulfauate Added, Gramw/Liter
71 10.66
Sulfamnate found,
weamsliter
7.2 10 &)
;. 1 10 %4

-
—
<

Loty

Averuge | ' 717 10.

Standard deviation .
Grams hter NN =0.20
Per cont S =] 87

direet method amd is more easily perforied. * Nitrite aanples
are neuatralized 1o minimize decomposition in the outgassing
aweep.  This neutralization is not critical, but should be carefully
done so that « large exvess of alkaliis uvoided.  The resction mix-
ture must be acid for the reaction between nitrite and sulfamate
to proceed, and if a Lurge excess of base i3 used on the preliminary
neutrulization, the acid normally added muy not be sufficient.
Additional reagzent ean be addied, however, 1f necessary.
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TOXICITY TESTS (Continued)
€3¢ No. * Name ahd~Structure
5o€.9%1 " Lactamide, N,N-didecyl~-
61 T
: )
CHBCHOHCON[(CHQ 9CH3]2
00((),9?6 Mercury, diisopropyl-
68 _
(CH,) ,CHHgCH(CH,)
000,957 Mercury, dipropyl-
(68) |
(CH,CH,CH,) Hg ’
XO%,hgz Nickel(II) sulfamate
29

(H2N503 ) 2Ni

Conc.

*#500 cmm/kg
250
125
62.5

# hyperexcitable
Solvent: peanut oil

500 cmm/kg 3/3
250 3/3
125 3/3
62.5 3/3
31.3 3/3
15.6 3/3
7.8 3/3
7.8 1/3
3.9 0/3
1.9 0/3
0.95 0/3
0.48 0/3
Solvent: peanut oil
500 cmm/kg 3/3
250 3/3
125 3/3
62.5 3/3
31.3 3/3
15.6 3/3
7.8 3/3
3.9 1/3
1.9 1/3
Solvent: peanut oil
#500 nig kg 5/5
250 /3
125 e
62.¢ 0/3
3.3 o7/

19S2

Mortality Day of Death
2,3,3

1/2 hrs. (3)
/2 hrs. (3)
/2 hrs. (2);
/2 hrs, (1)

20 min. (3)
1/2 hr. (2);
45 min. (1)
1/2 hr. (1);
45 min. (2)
45 min. (1);

1 hr. (2)

1 1/2 hrs, (3)
1,1,1

1,2,2

o+

5 min. (1)
15 min. (3); 3
3,3

* Lxhlowted d"fp“vu, stralning
Solvent: isotonic saline
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ULFAMIC acid, HOSON {H;, has received consider-
) Jable attention since it hecame availuble in this coun-
* iy in 199%.  The atnmonium salt is being sold to kill
. pism ivy and to flameproof cloth and paper.  The
. wil may be used in the laboratory to prepare nitrous
' uide and as a primary standard.  Although it is
{ threly related to sulfuric acid, it is a solid with a defi-
| nite melting point. This makes sulfamic acid unique
anng the strong inorganic acids,  Sulfamic acid is
wifuric acid in which an - -OH group has heen replaced
by - NHy. .

4 { 0
H 0 HO 40
Sulfuric acid Sulfamnic acid
Commercially the acid is prepared from urea and
fuming sulfuric acid. Although the cquations do not
#oll the whole story, the reactions may be represented us
Fflows : ’

NH . NSO HO
'./:;‘ Y4 50, SO c,:/:n e €Oy TLNSOM
-NH, == TUNHSOM

Urea disutfonic acld

PHYSICAL PROUPKRTIES

Sulfasnic acid is a white, non-hygroscopic solid which
melts at 305°C. and is stable up to 260°C, It forins
whless compact prisms and tablets from eold solu-
run and Jozenge-shaped plates on eooling a hot aque-
my; solution.  ‘The crystal forn as designated by Bry-
at? is orthorhombic hipyramidal.

Large crystals may be grown from suturated solu-
tims, This may most ecasily be accomplished by
dlowing a saturated solution to stand in a desic-
‘atyr over a mild dehydrating agent such as caleium
toride.  The top edge of the container is coated with
varaffin to prevent creeping.

The acid is soluble in water to the extent of 24.2 g.
wr 100 g. of water at 27°C. Tt is soluble in form-
amide, slightly soluble in ether, acetonc, methanol,
ad enncentrated sulfuric acid. In 70 per cent sul-
fric acid, it is almost completely insoluble. It may
te: purified by recrystallization from water; 125 g. are
sssolved in 200 g, of water preheated to 70°C. The
wlution is filterad three times with consequent lower-
inz in temperature, and each time the material crystal-
lizing from solution (altogether about 25 &) is discarded.
The final filtrate is cooled rapidly in an ice-salt mixture

':ﬁmtmt of an address presented at the {th Summer Conler-
eve of the N.E.A.C.T., University of New Hampshire, Dur-

am. N. H., August 12, 1942,
* BRYANT, J. Am. Chem. Sec., 61, 2551 (1939).
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Sulfamic Acid and Its Uses'

LEALLYN B. CLATP

Browen University, Providence. Rhode Island

and allowed to stand for 20 minutes. The crystals are
removed by suction filtration, washed once with ice
water, twice with cold alcohol, and finally with ether.
After dryving in air for an hour, they are stored tn
desiccator. ‘This product is suitable for a standard
in acidinetry.? -

CHUEMICAL PRUPERTIRS

1. Strong Acid. Sullatnic acid is about as strouyg
an acid as hydrochloric, nitric, or sulfuric. It is a
strong acid in both aqueous solution and anhydrous
liquid ammonia,  The fact that it contains both labile
and non-ionizable hydrogens might well be used as a
teaching device for the Brgnsted concept of an acid.
In water sulfumic acid loses o single proton from the
oxygen atom whereas the hydrogens attached to the
nitrogen are firnily bhound and do not break away.

? YT
H:Nu-?—()i” 4+ JLO —>» O" 4 | H.N- ?‘ (4]
(8] O

In liquid aunonia, on the other hand, two protens
are easily donated to ammionia molecules, but the third
hydrogen still remains firmly bound to the nitrogen.

0 O -

N ——g--()'ll + 2NH; —>» | HN— f—-0 4+ OINHo
~ 3
I o
The evidence for the second stage in the ionization
in ammmonia is that sodium reacts with sulfamic acid in
liquid ammonia to give the disodium salt; NaNHSO,-
ONua.  Beginning students often get the iden from the
ordinary mineral acids that the presence of hydrogen
on the front end of a formula is all that is necessary to
make an acid.  Here is a chance to point out that the
ease of removal of the proton depends on the kind of
atom to which it is attached as well as on the solvent
with which it reacts.
2. Hydrolysis. The acid is stowly hydrolyzed
ayticous solution to ammoninm acid sulfate.

H,NSO;H + H,() —>» NHHSO,

At 80°C.,, it is about 40 per ceut hydrolvzed in six hours
in 10 and 30 per cent solutions and about 25 per cent
hydrolyzed in one per cent solution in the same time.
In ncutral or alkaline solution, sulfamic acid may be
boiled without appreciable hydrolysis.  As noted above.
when it is recrystallized from water, the temperature
should not exceed 70°C.

-.—;_E.UTLBR. Smrrit, AND Aunriktii, Ind. Eng. Chem., Anal. Ed.,
10, A01 (1938),
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3. Salt Formation. Metals, metallic oxides, and
carbonates are attacked by sulfamic acid to give the
corresponding sulfamate,

2K + ZHOSOsNH; —» 2KOSO:;N1H, + H,
MgO + 2HOSO:NHp > Mg(OSOsNH,), -+ HLO
Na:CO; + ZHOSONH; —3> 2NaOSO;NH, + H.0 + CO,

All known salts of sulfamic acid are soluble in water
except the basic merenry salt.  The caleium, lead, and
barium salts are very soluble in water in contrast to the
corresponding sulfates.  Lead sulfamate is soluble to
the extent of 218 grams per 100 grams of water at 25°C.
This means that it is much, more soluble than lead ni-
trate or lead acetate.

4. Reaction with Nitrous Acid.  Nitrous acid reacts
quantitatively with the amino group in sulfamic acid
to liberate nitrogen. ‘This is used to remove excess
nitrites rapidly and effectively in diazotizations in the
dve industry, '

BOSONH: 4+ HONU ~— 1180, -} Ny 4 1.0

3. Preparation of Nitrous Oxide.  With nitric acid,
pure nitrous oxide may be prepared.  This makes a
good lecture demonstration withont the danger of
overheating which is a hazard with anmonium nitrate,
Ry dissolving sulfamic acid in water, wlding an couivi
lent of concentrated nitric acid and then heating the
solution slowly,"a simooth flow of bubbles of nitrous
oxide may be obtuained,

HOSONHy + HONO: - —» 1,80 - N.O + 1,0

6. Oxidizing Agents. Sulfumic acid is oxidized to
sulfuric acid and nitrogen according to the following
equation:

ZHOSONH: + 3(10) — N, + 21580, 4 H0)

Chlorine, bromine, and potassium  chlorate  will
effect this oxidation but chiromic acid and polassitum
permanganate will not,

USKS

1. Weed Killer. Ammoniwmn sulfamate has been
widely heralded as a killer of poison ivy. 1t is also of-
fective in Killing poison vak, choke chierry, hoary cress,
ragweed, und Canadiun thistle. It is much more effee-
tive than sodium chloride, calcium chloride, ammonium
thincyvanate, and ammonium sulfate. It is as effeetive
as sodium chlorate in all cases and hetter with some
weeds,  In addition, it is a fire retardaut rather than «
fire hazard. It is nou-toxic to animals.  For example,
dugs have been given one gram per day for several days
without showing systemic poisoning.  The best treat-
ment for poison ivy is a spray coutaining one pound of
ammoninm sulfamate per gallon of water. - The leaves
are sprayed during the lute summer or carly fall while
still green aud preferably in humid weather,  The plant
is killed by translocation of the sult from the leaves
to the roots. Another advantage of ammonium sul-
famate over some other herbicides is that it does not
permanently sterilize the sovil.  In fact after one season,

' » 016
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some nitragen will be available for plant growth fr..
the weed killer. ’

2. Flameproofing 1extiles. Compatibility with ¢
lulose, as well as its fire-retardant properties, make,
ammonium sulfumate useful in flameproofing textile
and paper. It is especially useful jor curtains ar’
draperies in such places as theaters.  Retention of ),
salt to the extent of 10 per cent of its own weigit
enough Lo flameproof fabrics or paper. It may s
used on any fabric except cellulose acetate and may is
dry cleancd but not washed, It is easily applied by .
dipping process similar to starching clothes, using o
Lo one and one-half pounds per gallon of water,  “f ber
the cloth is squeezed through rollers and dried. ),
rics so treated will chiur but not burn and most of thasy,
will have no afterglow.  The appearance and “feel” o
the eloth are unaltered.

3. Nitrite Remwwal. Sulfamic acid, as has b,
mentioned whove, reacts quantitatively with a4 nitrite 1,
liberate nitrogen.  This reaction has found applicatio,
in the dyc industry in dixzotizations for the remownl o
exeess witrite from the reaction mixture. It is betv,
than ureafor this purpose,  For exumple, 10 one prooe
the amount of sulfimic acid wsed is less tha One-sigt,
that of the urea needed wned the time is cut from thye
liours to five minules,

+. Tunning.  In processing skiny, the use of s

famic acid in plaee of sulfurie has been found v give
tinter and silkicr grain,  Another advantage which i
fnic acid possesses is that its caleium salt is sofuble
waler, So the acid miy be used in the deliming preqces
without leaving the fime spots which somctimes o,
with sulfuric acid. Goat skin tanned  with  for,
aldehyde is suid to give a tighter skin and to ke i
better sucde when some sulfamic acid is used in the pres
[3H L -
5. Refning Metals. Mctuls like copper, silyer
cobalt, nickel, zine, cadnmium, irun, and lead may i
plated out successfully from sulfatnic acid solutic,
The current densities and other conditions for Ly
plating bathy hiave bheen worked out fuirly well. 55l
tions of leud sulfamate may some day W used for p
fining lead in place of the Betts process,  Sulfasnic iy
it certainly casier to handle than fluosilicie acid ahe
cerantic containers may be used with it.

6. Laboratory Reugent.

(@) Primary Stundard Acid.  Because sulfamie asi:
i5 a strong acid, is casy to purify by recrystallizaiig
from watcer, and is a stable, non-hygroscopic solid, 3
hus been advocated as u primary standard acid, [t i
as good as potussivan hydrogen phthalate, potussing
acid iodate, succinic acid, and henzoie acid, Of the s
only potassium acid fodate is a strong ucirld and hoth
and sulfamic acid iy he titeated with indicators of M
ranging from 4.5 to 9.0. Sulfumic acid, however,
cheaper thau potassium acid jodate.

(6)  Determination of Nitite. Sulfwmic acid Biay
not only be used to determine nitrite but may alw e
used to liberate nitrite nitrogen from water before atialy
sis of the water for dissolved oxygen.

DA

= “a

Lt e -y ey

3
;



Arnae, 1943

(cy Prepuration of Dry Nitrous Oxide. (Sce above.)

td) Separation of Rare Farth Subgroups. The
Futhanum rare carth group may be separated from the
Atriuta carths by using sulfamic acid.  Upon adding
el nitrite Lo a cold solution of rare earth sullaanmtes
o alfamic acid solution the alkali donble sulfates of the
Eanthannm group precipitate first.!
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THE VALUE OF AMIDOSULPHONIC ACID AS A SILAGE PRESERVATIVE

BY B.G. COTTYN AND F.X. BUYSSE

Summary

In a series of experiﬁents on silage of Italian ryegrass, we have
studied the value of amidosulphonic acid as a preservative. Amido-
sulphonic acid, the mono-amine of sulphuric acid (NH7SO3H), is a
non-volatile, non-hygroscopic crystalline product with strong acid
charaéteristics. The preservaﬁive was added in two different concentrations
of 0.5% and 1% to chopﬁed and unchopped silage. For each of the treatments
we used 6 cylindrical experimemtal concrete silos, filled on tﬁe average
with 1300 kg of chopped grass and 1000 kg of unchopped graés. Two of
the experimental silos were used as controls without any additive, in
two others amidosulﬁhonic acid was added in a concentration of 0.5%,
and in the last two, it was added in a concentration of 1% (see the
experimental plan in Table 1).

According to various quality criteria, it appears that all objectives
were at least minimumally éttained; the pH was always less than 4.2 and
was accompanied By a corresponding high lactic acid content in all- the
silos.

The percentage of butyric ac¢id was insignificaﬁt'in the: chopped._silage
and amounted to an averagé of 337 in the unchopped silage. The preserva-
tive clearly had a favorable effect on the weight losses as well as on the
losses of dry mattef.

The relatively high percentage of azote of the preservative (14.3%)
can perhaps be a valuable N source for the ruminant.

The feeding of silage to which was added 1% concentration of amido-
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sulphonic acid caused serious digestive troubles (diarrhea) in the cattle.
The silage with the 0.5% concentration of this product was well tolerated
by the animals.

l. Introduction

The group of products used with the most succes§ in silage of
various green fodders has a base 6f strong mineral acids. (Virtanen, 1947)
The rapid fall in pH cagsed by the addition of strong acids, favorably
enhances the fermentatioﬁ process. In this situation with the degree»of
increased acidity thus obtained (pH 4.2), only the bacteria of lactic acid
are in favorable conditions for growth, while the bacteria of butyric
acid and proteolytic micro-organisms are inhibited iﬁ their growth. Strong
mineral acids in the liquid state, such as Hy80,4, HC1 and phosphoric acid
(fossilan), or less strong organic acid in sufficient concentrations
such as formic acid, are effective for obtaining optimum pH. The inherent
dangers of handling these strongly corrosive liquids, has given rise to
an expanded market of additives. Some of these are powders in which the
strong acids are dispersed (such as Protosil), with a base of phos@horic
acid, molasses and peat moss (Cottyn, et al., 1969), or some having strong
acids in crystalline form, ¢r some are chemical products whose effect
takes place at the time of ensilage.

Monosulfonic acid, or the mono-amine of sulphuric.acid, with the
formula NHZSO3H is non-volatile, non-hygroscopic crystalline product with
strong acid characteristiés. The aqueous solutions have a degree of acidity
comparable to that of a solution of H,804 or HC1 of average concentrations.
It 18 thus an aqueous solution of amido-sulfonic acid of 1% concentration,
having a pH of 1.18. The product has no specific toxicity, and even its

handiing produces no permanent irritating effect worth mentionihg.
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With the aim of studying the value of amidosulphonic acid as a
preservative, we conducted a series of experiments dn silage of Italian

ryegrass. The product was added to the fodder, chopped and unchopped,

in concentrations of 0.57 and 1%.

2. Experimental Material and Techniques Used

The green fodder used was from the first cutting of Italian ryegrass.
It was ensiled in 12 small cylindrical experimental silos of concrete,

containing on the average, 1300 kg of chopped fodder and 1000 kg of

unchopped material. Out of the 6 experimental silos used for each
treatment --- with chopped and unchopped fodder --- there was each time
two control silos without preservative, two others with amidosulphonic

acid in a concentration of 0.5% and the last two with concentrations of

1% of this same acid,

Table 1 shows the plan of the experiments.

' TAQLE L. — Planned silage .experim&m (Italian ryegrass). o3 -‘ B 1
Ensiled Type Amount - - '. T -
material ‘Number Treatment - 5

(kg) of silo’s (*) - T —, I
B _ - - Additive Ll
2% . : R N
W ,‘2 ‘ .. H aucua-(témoin) . I P
2600 . . . mo-{control) _ S
. 26 2 ' " AT
. - H  NHSOH  g5g Tty
30 2 - H NHSOH g g . 0
2000 S 2 N.H. aucun-(témoin) = S ';;»‘:‘; j- '
| 2@ ' - no-(coatrol) ooy Tl T
2 NH. NHSOH o059 :. - =
2000 2 NH.  NHSOH gt

(*) H = hache (chopped) ; NH. = non ha;he (50 chopped). RN :_.=-.-'<.‘ : ; o
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After the silos were filled, the fodder was covered with a plastic
sheet and put on a bed of 30 cm of soil. The silos were covered with
individual roofs of zinc to prevent thé penetration of rainwater.

The whole group of the experimen;al silos was equipped with an open
drain which was closed aftér 14 days.

When the fodder was taken out of the silos it was immediately given
to a group of heiffers and was the only constituent of their diet.

The chemical composition of the fresh fodder (chopped and unchopped)
and from the different .silos, obtained with and without preservative, 1is
shown in Table 2. By means of material taken by hand randomly‘from different
parts of the fresh fodder, we made up an average sampling for each silo.
For the fresh fodder, only the average composition of the éhopped and
unchopped fodder is shown in the table. For the ensiled fodder,the

table shows an anaiysis of the average results obtained (2 silos).



TABLE 2, — Chemical composition of the fresh and ensiled Italian ryegrass.

Composition of the dry matter %

13.03

Type and amount | Number Treatment | Dry matter -
<o ..._Roughage yof_ additive | of silo's (*) (%) Digestible ’ Digestible
o . Cmtﬂ.c crude True true
protein protein protein protein
Ray-grass d'ltalie : . T
(produit frais) —_ "H. 16.38 12,36 8,97 10,98 7.57
Italian ryegrass '
(fresh material) .
aucun-{témoin) 2 16,28 12,96 10,44 6,33 375
Ensilage no-(control) _
Silage NHSOH 05% 2 H 17.89 14,98 1297 5.09 3.02
NHSOH | % 2 H 19,31 1533 - 12,89 6.68 425
Ray-grass dltalie .,
{produit frais) . —_ N.H. 18,13 11,42 9.19 9,59 7.32
Italian ryegrass
{fresh material)
aucun-{témoin) 2 N.H. 17.62 14,19 11,01 7.72 4,54
Ensilage no-(control} | .
Silage , NH.SOH 05% 2 NH. 19,50 13.85 11.44 6.51 4,15
: e NHSOH 1 % 2 N.H. 19.42 16,07 7.21 4.17

(*) H = haché {chopped) ; NH. = non haché (no chopped).
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It appears from Table 2 that after silage, of thé chopped as well
as the unchopped fddder, the percentage of crude protein as well as the
percentage of digestible crude protein in dry material has increased .

The increase is greater in tﬁe silos in which preservative was added than
in the control silos: 1in general, it is most significant in the silos
where the preservative was the most concentrated. These increases are
explained by the percentage of N in the preservative.

By contrast, the percentage of true protein and digestible true protein.
decregsed after ensilage in the chopped as well as the unchopped material;
the decrease is greétestin the silos to which a 0.5% concentration was
added.

It is clear that the progressive increase in proteins as the dosage
of the preservative is increased, is essentially due to the addiﬁion of
azote contained in the preservative. The percentage of N in the preserva-

tive is actually 14.37%.

3. Results and Discussions

3.1 Quality of Silage
The result of the determination of usage following the method of

Lepper and Flieg (1938), is shown in Table 3.



TABLE 3. — Quality characteristics of the Italian ryegrass silage.

Quantity of

\

Type and amount

Quality characteristics

ensile Number Treatment
- material of silo's ’ of additive % - % % NH,-N
{kq) . pH acetic butyric lactic (% of
. acid acid acid total N
2600 2 " H aucun-(témoin) 381 " 0,60 0.10 139 78
, po-{control)
2600 2 H NH,;SOH 05% 384 044 - 0.10 1,38 78
2530 2 H  NHSOH 1 % 344, 042 0.04 1,40 44
2 000 2, NH. aucun-(témoin) 3.99 0,58 038 155 - 87
. . no-{control) : .
2000 2 NH. NHSOH 05% =~ 380 0.39 0.35 1.59 5.7
2000 2 NH. NH,SOH 1 % 378 035 0.25 0.86 89

{*) H = hache (chopped) ; N.H. = non haché (no chopped).

C awer—aee -
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As showe in Table 3, all the objectives were mediumly well to
well-attained. The pH was always less than 4.2, With one exception,
the amidosulphonic acid slightly increased the degree of acidity of
all the silage treated.

Conforming to these favorable pHs, the percentage of lactic acid
from the different silos reached an elevated level. The percentage of
lactic acid did not, on the other hand, rise appreciably following the
addition of the preservative; also, it should be noted as well that there
was ‘a high percentage of this acid in the control silos. It can be
ascertained that the percentage of butyric acid of the chopped foddef
(0.08% average) differed substantially from that of the unchopped fodder
(0.33% average). In a series of 6 experiments on silage with different
kinds of green fodder, of which Italian ryegrass was one, closed clover
ahd a mixture of pea fodder and oats, Buysse (196l1), also showed that the
chopping favorable influenced the quality of the silage. After experiments
on silage with 942 toﬂs of leaves and stems of sugar beets, Boucque and
Cottyn (1967) arrived at the same conciusion. The addition of a
preservative had the effect of lowering the percentage of acetic acid.
The fraction NH which is a direct indication of the decomposition of
proteins in the silo, is in all cases less than 10; this value constitutes

according to Vaubelle (1958), the maximum vaiue for successful ensilage.

3.2 Balance Sheet for Silage
Table 4 gives a picture of the weight loss in the dry material as well

as in the digestible crude protein and the digestible true protein.
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TABLE 4. - Losses of the different nutrients (%).

NHSOH 1 %

———

NH. 17.5 175  +116 504

% Losses
. ‘ Treat- | Weight
TYPef andii‘tai?ount I:fu:?l?; ment losses Dry Digest. | Digest.
ol adaitive {*) (%) matter crude true
i protein protein
aucun- (témoin) 2 ~ H 28,1 228 6.3 63.0
no-(control) .

) NH,SO,H 0.5 % 2 H 16,5 10.3 -} 28.0 63,8
NHSOH 1 % 2 - H 15.9 2.4 + 409 43.3
aucun-{témoin) 2 NH. ~ - 305 253 124 57.1
no-{coatrol) : el . :

! NH,SOH 05 % 2 N.H. 21,6 170 + 65 49,9
2

|

i

}

(*) H = haché (chopped) : NH. = non haché (no chopped).

Thus, as it is shown in this table, the favorable effect of the
amidosulfonic acid, as/::Iihe weight loss in the dry material, is clear,
and is8 as evident in the chopped fodder as in that which was ensiled as is.

In relation‘to the 0.5% concentration, the 17 concentration gemerally
had‘the effect of reducing alittle more the losses in both the chopped
and unchopped fodder;

Brown (1960) made a comparison of the losses form silage of‘prairie
grass preserved in part with 17 amidosulphonic acid and in another part
with molagsses. The silage to which was added sulfamic acid or amidosulphonic
acid showed losses of dry material of 16%, while these losses in the silos
treated with molasses amounted to 19%.

In the different experiments done on preservatives, one finds important

favorable results concerning digestible crude proteins. Brown (1960) made
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the same statement in his previously cited experiments. These positive
results proceed logically from the fact that with the preservative a

considerable quantity of N is added to the fodder.

3.3 Ingestion of the Silage by Livestock

-As we have already indicatéd above, the coﬁt:ol silége as well as
fhat to which the preservative was added, was fed as the only constituent
of their diet to a group of gestating and non-gestating heiffers. The
heiffers which received the silage to which was added 1% amidosulﬁhonic
acid quickly showed sévere diarrhea; two days after putting them back
on a diet of the control silage, the consistency of their excrement became

‘normal again. Another feeding of the same experimental silage again
caused severe diarrhea. With the silage to whiéh was added-O.S%
gmidosulphonic acid, nothing abnormal was:observed.

With clover ensiled with the equivalent of 12g sulfamic acid
(amidosulphonic acid), mixed in the form of dry powder with the fresh
material, Martin and Reyntens (1950), also observed severe diarrhea after
a few days. |

Used in the form of a solution as A.I.V. acid, the product, added
in strong concentrations (equivalent to l4g) also caused diarrhea;
silage preserved by means of a solution of“sulfamic-acid (equivalent to 7g)
didn't cause any digestive troubles.

Concerning the use of amidosulfonic acid Qs a preservative, we can
conclude by saying that even in a concentration of 0.5%, the addition to
ryegrass of an expandable basic powder of this acid favorably influences
the weight loss and the losses of dry matefialQ

The feeding of silage to which was added 1% of this preservative

always gives rise to serious digestive troubles. The.se troubles are. not
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evident when the product is added in a concentration of 0.5% when it 1s

mixed in a homogenous manner with green fodder at the time of ensilage.
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La valeur de Pacide amido-éulfonique,
comme produit de conservation

des ensilages (*)

par B.G, COTTYN et F.X. BUYSSE.

Résumé.

Nans une série d’essais d’ensilage avec du ray-grass d’Italie, nous avons
‘tudié la valeur de I'acide amido-sulfonique, employé comme produit de
ronservation. L’acide amido-sulfonique, la mono-amine de I'acide sulfu-
tique & formule NH,SO,H, est un produit cristallin non-volatil ‘et non-
l‘tygroscopique a caractére fortement acide. Le produit de conservation
nt ajouté en deux concentrations différentes. a savoir & 0.5 et 1 %. aussi
“ien au fourrage vert haché qu’a celui qui était ensilé tel quel. "Pour
hacun de ces traitements, nous avons rempli 6 silos expérimentaux eylin.
‘Iriques en béton, chargés en moyenne de 1300 kg de fourrage haché et
de 1000 kg de fourrage non-haché. Deux de ces silos expérimentaux
“ltuient des silos-témoins sans produit de conservation, deux autres étaient
.u.lqlilimmés d’acide amido-sulfonique a raison de 0.5 % et aux 2 der-
merw ee produit de conservation était ajouté dans une concentration de
V% (voir schéma expérimental au tableau 1).

(*) Communication R.V.V, n° 176,
i
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Des divers critéres de qualité (tableau 3) il ressort que tous les objectifs
étaient, moyennement bien atteints, le pH était toujours inférieur a 4,2 et
était accompagné d’une forte tencur correspondante en acide lactique dans
tous les silos.

La teneur en acide butyrique était insignifiante dans P'ensilage haché et
atteignait en moyenne un pourcentage de 0.33 % pour les ensilages non
hachés. Le produit de conservation avait une influence nettemnent favo-
rable sur les pertes en poids et les pertes en matiere seche. aussi hien dans
les ensilages hachés que non-hachés (tableau 4).

La teneur en azote relativement élevée du produit de conservation
(14,3 %) peut étre pour le ruminant une source précieuse de N.

L'affouragement d’ensilage additionné de 1 % d’acide amido-sulfonique,
a donné lieu a de sérieux troubles de digestion (diarrhée) chez des génis.
ses. L’ensilage contenant une dose de 0,5 % de ce produit était par contre
bien supporté.

1. Introduction. ' ' I .

Le groupe de produits de conservation, employé avec le plus de succés lors
de I'ensilage de différents fourrages verts non-préfanés, est a base d’acides
minéraux forts (Virtanen, 1947). La baisse rapide du pH, provequée par:
’adjonction d’acides forts, guide favorablement le processus de fermen.-
tation. Dans le milieu & degré 'd’acidité élevé ainsi obtenu (pH < 4.2),
seules les bactéries d’acide lactique se trouvent dans des conditions favo-
rables de développement, tandis que les bactéries d’acide butyrique et les
micro-organismes protéolytiques se voient inhibés dans leur développe-
ment. Des acides minéraux forts a 1'état liquide, tels que le H,S0,, le HCI |
(acide A.LV.) et 'acide phosphorique (fossilan) ou des acides organiques
moins forts en concentration suffisante, tel que I'acide formique, sont
efficaces pour l'obtention d'un pH optimum. Les dangers inhérents a la
manipulation de ces liquides fortement corrosifs ont toutefois donné lieu &
la mise en vente d’additifs. épandables. Il s’agit de poudres dans lesquelles
les acides forts sont dispersés, tel le Protosil a base d’acide phosphorique,
de mélasse et de tourbe moulue (Cottyn et al., 1969), ou bien d’acides
forts sous forme cristalline, ou encore de produits chimiques dont on i
attend un effet favorable lors de 'ensilage.

L’acide mono-sulfonique, ou le mono-amine de P'acide sulfurique & “for-
mule NH.SO.H est un produit cristallin non-volatil et non’ hygroscopique
a caractére fortement acide, Les solutions aqueuses ont un degré d’acidité
comparable & celui d’une solution de H.SO, ou de HCl de concentration
moyenne. Cest ainsi qu’une solution aqueuse de I'acide amido-sulfonique
21% a un pH de 1,18. Le produit n’a aucune toxicité spécifique et ne
provoque, lors des manipulations, aucun effet irritant permanent digne
d’étre mentionné. .
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Dans le but d’étudier la valeur de I'acide amido-sulfonique en tant que
produit de conservation, nous avons procédé a une série d'essais d’ensilage
avee du ray-grass d'ltalie. Le produit était ajouté au fourrage, ensilé
I'état haché ou tel quel. en decux concentrations différentes a raison de 0,5

et de 1 %,

2. Matériel expérimental et techniques employées.

l.c fourrage vert provenait d’'une premiére coupe de ray-grass d’Italie. Il
fut ensilé dans 12 petits silos expérimentaux cylindriques en béton, pou-
vant contenir en moyenne 1 300 kg de fourage haché et 1 000 kg de pro-
duit non-haché. Pour le hachage, il fut fait appel a une hacheuse station.
naire. Sur les six silos expérimentaux de chaque traitement — matériel
haché et non-haché, il y avait chaque fois 2 silos-témoins sans produit de
conservation, deux autres additionnés d’acide amido-sulfonique dans une
concentration de 0,5 %, et les deux derniers additionnés de 1% de ce

méme acide.

le tableau 1 donne un apercu schématique de ces expériences, ; .
‘ ) | T e
TABLEAU 1, — Schéma expérimental des ensilages (ray-grass d’Italie).’ i
— b
. - Produit de conservation. Pty
Q:ﬂ:g:::‘ Nombre Traitement .k
de silos (*) . TN
(kg) Nature D;:e . * *‘”t;*f
2600 2 . H aucun-(témoin) . ’
. . ' no-(control) R
2600 2 H NHSOH
2530 2 H NH,SOH
2000 2 N.H. aucun-(témoin)
no-(control)
2000 2 NH. NH,SO,H
2000 2 N.H. NH,SOH
[ . Type
Ensxlgdl Number Treatment .
m?tker)la of Si]O.S (.) - e )’." -‘
? : Additive Ck < g
{(*) H = haché (chopped); N.H. = non haché {no chopped). o o -
- . ’ . s
TABLE 1, — Planned silage 'experiments (Italian ryegrass). ’ :‘
i

Apres le remplissage des silos, e fourrage élait recouvert d’une hache en
plastic et chargé d'une couche de 30 em de terre. Les silos étaient surmon.
1és de petits woits individuels en zine aflin Cempécher la pénétration de
Fean de pluie. L'ensemble de la batterie de silos expérimentaux était

dquipé d'un drain ouvert qui fut fermé aprés 14 jours,

Au moment de leur sortie du silo. les ensilages étaient affouragés & un
groupe de génisses et étaient 'unique constituant de leur ration.

La compusition chimique des deux fourrages frais (hachés ou non) et des
dilférents ensiluges, oblenus avee ou sans produit de conservation, figure
au tableau 2. Au moyen .de prélévements a la main, faits au hasard &
différents endroits du matériel frais, on a composé par silo un échantillon
mayen. En ce qui concerne le fourrage frais, seule la eomposition moyenne
par traitement (haché et non haché) figure au tableau. Pour le fourrage
ensilé, on y trouve 'analyse moyenne par traitement (2 silos).
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' ABLIEAU 2. -— Composition chimique du ray-grass d'Italie frais et des ensilages

de ce fourrage.

N dose d Composition de la mati¢re séche (%)
ature et dose du S Matiére
Fourrage grossier produit de Eiou;g;: Trmt.ement séche Protéi Protéi
conservation (%) Protéines ?m:::’ Protéines ::e“'::s
brites digestibles réelles digestibles
Ray-grass dltalie . .
{produit frais) —_— "H 16,38 12,36 8,97 10,98 7.57
Italian ryegrass
(fresh material) .
aucun-(témoin) 2 H 16,28 12,96 10,44 6,33 375
Ensilage no-(control)
Silage NH,SOH 05% 2 H 17.89 14,98 12,97 5,09 3,02
NHSOH 1 % 2 H 19,31 15,33 12,89 6.68 425
Ray-grass dltalie
(produit frais) — N.H. 18,13 11,42 9,19 9,59 7.32
Italian ryegrass
{fresh material)
aucun-{témoin) 2 N.H. 17,62 14,19 11,01 7.72 4,54
Ensilage no-{control)
Silage NHSOH 05% 2 N.H. 19,50 13,85 11,44 6,51 4,15
NH,SOH 1 % 2 N.H. 19.42 16,07 13,03 7.21 4,17
‘ Composition of the dry matter %
Rouah Type and amount Number Treatment | Dry matter
oughage of additive of silo’s {*) () Digestible Digestible
Crude crude True true
protetn protein protein protein
- .
- (*) H = haché (chopped): NH. = non haché (no chopped).
TABLE 2. — Chemical composition of the fresh and ensiled Italian ryegrass.
. ‘ : -



Il ressort du tableau 2 qu’aprés ensilage des fourrages hachés tant que
non-hichés, les teneurs en protéines brutes ainsi qu'en protéines brutes
digestibles dans la matiére séche ont augmenté. Cette augmentation est
plus grande dans les silos additionnés du produit de conscrvation que
dans les silos-témoins ; en régle générale. elle est la plus importante dans
les siles o1 Ie produit de conservation est le plus concentré. Ces augmen-
tations s’expliquent par la teneur en N du produit de eonservation.

Par contre, la teneur en protéines réelles et en protéines réelles digestibles
diminue, apreés ensilage, tant dans le matériel haché que dans celui ensilé
tel quel; cette baisse est la plus forte dans les silos expérimentaux addi-
tionnés de 0,5 % de produit de conservation.

Il est clair que I'augmentation progressive de la teneur en protéines, au
fur et &2 mesure que la dose de produit de conservation devient plus grande,
est essentiellement due a I'adjonction de I’azote contenu dans le produit de
conservation. La teneur en N du produit de conservation est en effet de
' 14,3 %.

3. Résultats et discussions.

3.1. Qualité de Vensilage.

Les résultats des déterminations d’usage, d'aprés la méthode Lepper und
Flieg (1938), figurent au tableau 3,

e
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TABLEAU 3. — Qualité de I'ensilage de ray-grass d'ltalie.

Critéres de qualité

Matériel Nombre | Traitement | INature et dose :
T | e | AT e ke T x| % NN
9 pH d'acide d’acide d'acide (en % du
acétique butyrique lactique N-total)
2600 2 H aucun-{témoin) 381 0,60 o.10 1,39 7.8
no-{control) ‘
2600 2 H NH,SOH 05% 38¢ 0,44 0,10 1,38 7.8
2530 2 H NHSOH 1| % 344 0,42 0.04 1,40 4.4
2 000 2 N.H. aucun-(témoin) 3,99 0,58 0,38 1,55 8.7
no-{control) .
= 2000 2 NH. NH,SOH 05% 3,80 0.39 0.35 1,59 5.7
- 2000 2 NH. NH,SOH 1 % - 378 0.35 0.25 0.86 89
|
! Quantity of Quality characteristics
ensiled Number Treatment Type and amount
material of silo’s " of additive %o K % NH,-N
(kg) pH acetic butyric lactic (% of
acid acid acid total N

(*) H = baché (chopped) ; NH. = non haché (no chopped). :

€16

TABLE 3. — Quality characteristics of the Italian ryegrass silage.
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Ainsi qu”il ressort du tableau 3. tous les objectifs étaient movennement
bien a bien attcints, Le pH était toujours inféricur i £.2. A une exeeption
pres. Pacide amido- sulfonique avait légérement angmenté le degreé daci-
dité de tous les ensilages traités,

Conformeément i cos pH favorables, les teneurs en acide lactique des dif.
férents silos atteignaient un niveau élevé, Les tencurs en acide lactigque
navaient. par contre, pas connu-de hausse appréciable & la suite de 'ad.
Jonction du produit de conservation: i noter dailleurs également une
forte tencur de cet acide dans les silos-témoins, On a pu constater que la
teneur en acide butyrique du fourrage haché (de 0.08 ‘¢ en moyenne)
différait sensiblement de celle du fourrage non-haché (de 0,33 “¢ en
moyenne). Dans 6 séries d'essais d'ensilage avec différentes variétés de
fourrages verts dont le ray-grass d'Italie, le tréfle incarnat et un mélange d¢
. pois fourragers + avoine, Buysse (1961) avait, lui aussi, trouvé que la
hachage influence favorablement la qualité de l'ensilage. Aprés des essais

d’ensilage avec 942 t. de feuilles et de collets de betteraves sucriéres,

Boucqué und Cottyn (1967) étaient arrivés a la méme conclusion. L’ad.
jonction du produit de conservation a eu pour effet d’abaisser la teneur en
acide acétique. La fraction NH, qui est une indication directe de la
décomposition des protéines dans le silo, est pour tous les objets
inférieure 4 10 ; cette valeur constitue, d’aprés Vanbelle (1958) Ia
valeur maximum pour un ensilage réussi.

3.2. Bilan des ensilages.
Le tableau 4 donne un apergu des pertes en poids ainsi que de celles en

matiéie séche. en protéines brutes digestibles et en protéines réelles diges.
tibles. < '

914

TABLEAU 4. — Pertes en diiférents éléments (%).

. % de pertes
Nature et dose Traite- Pertes
du produit de I:::;E:: ment en poids Mat Prot. Prot.
conservation (") (%) seche brutes réclles
I digest. digest.
aucun- {témoin) 2 H 28.1 2238 6,3 63,0
no-{control) .
NH,SOH 05% 2 H 16,5 10.3 + 28,0 63.8
NHSOH | % 2 H 159 24 + 409 43.3
aucun-(témoin) "2 N.H. 305 25,3 12,4 57,1
no-(control) .
NH,SOH 05% 2 NH. 210 170 + 65 499
NH,SOH ! % 2 N.H. 17.5 17.5 + 11,6 50.4
% Losses
: Treat- | Weight i
Type and amount | Number Ty
of additive of silo’s ment logses Dry Digest. | Digest.
| ) (%) matter crude true

protein protein

"{*) H = haché (chopped) : N.H. = non haché (no chopped).

" TABLE 4. — Losses of the different nutrients (7%).

Ainsi qu'il ressort des données de ce tableau, I'influence favorable, exercée
par Pacide amido-sulfonique aussi hien sur les pertes en poids que sur
rclles en matiére séche, était nette et se manifestait tant dans le
lourrage haché que dans celui qui était ensilé tel quel.

Par rapport i la concentration de 0,5 %. celle de 1 % avait généralement
our effet de réduire encore quelque peu les pertes dans les deux traite-
ments,

Brown (1960) a fait la comparaison des pertes d’ensilages d’herbe de
P'rairie, conservée d'une part avee 1 % d’acide amido-sulfonique et addi-
Lennée d'autre part de mélasse. L’ensilage additionné d'acide sulfamique
sit dacide amido-sulfonique présentait des pertes de matiére seche de
L ees pertes étant de 19 5 dans les silos traités au moyen de mélasse.
Dans lex différents essais réalisés au moyen du produit de conservation,
Cotreuve un bmportant bilan positif, en ee qui concerne fes protéines
hentes digestibles. Brown {19060} fit, la méme constatation duns les essais
Precités, Ces bilans positifs résultent logiquement du fait qu’avee le pro-
duit de conscrvation il y a apport d’une quantité considérable de N.
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Le bilan des pertes en protéines réelles digestibles nous donne de meilleu.
res indications au sujet de la conservation des protéines. Ces pertes, gui
dans les silos-témoins atteignent des valeurs tres élevées, sont, a une excep-
tion pres, moindres dans les deux traitements (haché et non-haché) et ¢o
pour les deux concentrations du produit de conservation. Ceci indiquerait,
par conséquent. que Pacide sulfamique ou amido-sulfonique serait un sti-
mulant pour une meilleure conservation des protéines de 'herbe, Brown
(1960) fait ohserver, en outre que les apports de N par le produit de con.
servation peuvent étre utilisés efficacement par les bactéries du rumen
pour 'éleboration de protéines hactériennes.

3. 3. Ingestion des ensilages par le bétail.

Ainsi que nous I'avons déja dit plus haut, aussi bien I'ensilage-témoin que
celui additionné du produit de conservation était affouragé en tant qu'élé.
ment exclusif de la ration & un groupe de génisses en gestation ou non. Les
génisses qui recevaient l'ensilage additionné de 1 % d’acide amido-sulfo-
nique témoignaient assez rapidement d’une forte diarrhée. 2 jours aprés
le remplacement de ce régime par de D’ensilage-témoin, la consistance des
excréments était redevenue normale. Un nouvel affouragement du méme
ensilage expérimental provoquait de nouveau de fortes diarrhées. Avec
les ensilages additionnés de 0,5 % d’acide amido-sulfonique, on n’observa

rien d’anormal. -

v M i n ol

N

[y

Avee du tréfle ensilé avec I'équivalent de 12 g. d'acide sulfamique (rlcide
amido-sulfonique), mélangé sous forme de poudre séche avec la matiére
fraiche, Martin et Reyntens (1950) ont également constaté de fortes
diarrhées aprés quelques jours. : S

Utilisé sous forme de solution comme 1’acide A.LV., le produit, additionné
en forte concentration (14 g. eq.), produisait également de la diarrhée;
des ensilages, conservés au moyen d'une solution d’acide sulfamique (7 g.
eq.), ne provoquaient pas de troubles de la digestion. N

En ce qui concerne I'emploi d’acide amido-sulfonique comme produit”de
conservation, nous pouvons conclure en disant que, méme dans une con-
centration de 0,5 %, l'adjonction a du ray-grass d’une poudre épandable
a base de cet acide influencait favorablement les pertes en poids et en

matiere seche.

L’affouragement d’ensilage additionné de 1 % de ce produit de conserva-
tion donnait toutefois lieu a des troubles sérieux de la digestion. Ces
troubles ne se manifestaient pas lorsque le produit était ajouté dans une
concentration de 0,5 %, a condition qu'il ait été mélangé d’une maniére
homogéne avec le fourrage vert au moment de I'ensilage. 4

- T, B St L e Y T O o NI U I s S . T
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Gontrode, (Kouter, 6) janvier 1969.
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SUMMARY.
Amidosulphonic acid as silage additive.

In order to test the value of the silage-additive « amidosulphonic acid »
we conducted ensiling experiments with Italian ryegrass. Amidosulphonic
acid, the mono-amine of sulphuric acid ( NH.SO;H) is a non volatile, non
hygroscopic cristalline produkt with strong acid characteristics. The addi-
tive was used in 2 different concentrations of 0.5 and 1.% to as well
chopped as no chopped Italian ryegrass, For each of the treatments we
used 6 round concrete silo’s, The silo’s were filled with 1 300 kg chopped
and 1000 kg of no chopped material (table 1: planned silage experi-
ments). It appears from the different quality characteristics (table 3)
that the silages were all sucessful.

On all treatments we noted a low pH (< 4,2) and a corresponding high
lactic acid content. Practically no butyric acid for the chopped but a
level of 0,33 % for the no chopped silages was observed. The additive
had a favourable influence on as well.the weight Josses as the losses of
dry matter (table 4). -

The relative high N content of the conservative (14,3 %) can be a worth.
ful N source for the ruminant. Feeding of silage conserved with 1 %
amidosulphonic acid resulted in extreme scouring, We stated no diarrhee
on the silages treated with 0,5 % of the additive. :

e
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laboratory chemical which possessed some rather unusual

properties of interest only to scientific investigators.
Considerable fundamental information concerning its physi-
cal and chemical properties was therefore already available
when a new and practical process for its manufacture was
discovered (14). During the four years which have followed
the announcement of this new process, the commercialization
of sulfamic acid has rapidly expanded, and today this former
curiosity is-being produced on a cominerecial scale and is now
available in earload quantities. The purpose of this paper
is to review briefly the chemistry of sulfamic acid and its
derivatives and to discuss a number of industrial applications
for them, :

Audrieth and his students (2) published an excellent
review of the chemistry of sulfamic acid and related aquo-
ammonosulfuric acids. Some of the data which follow were
taken from it and from the literature in general. The
relationships of sulfamic acid with both the inorganic and
organic fields of chemistry are presented in Table I and as

follows:

a i1OR many years sulfamic acid was known as an obscure

HO O HO O HN O
Vi / N
Y \s< <
IIK \0 Hxl\(\O Hza‘{ 0
Sulfuric acid Sulfamic acid Sulfamide
S0,-0H S50,—NH; - S0:0H
o i
N HN N—S0.0H
XO:—OH \S()z-—NHz 0.0H

Imidodisulionic acid Imidodisulfonamide  Nitrilosulforie acid

The chemical structure of sulfamic acid as the half amide
of sulfuric acid is here brought out. Replacement of both
hydroxyl groups of sulfuric acid with amide groups yields
sulfamide. Sulfonation of sulfamic acid yields imidodisul-

Tnd. Eng. Chem. (Tnd.ed) 3¢(3): 392-793

fonic acid, and a third sulfonic acid substitution yields
nitrilosulfonic acid. Both the imido- and the nitrilosulfonic
acids are unstable in the free acid ¢ondition and are rapidly
hydrolyzed into sulfamic acid which is known to be com-
paratively stable in aqueous solutions at ordinary tempera-
tures. The salés of these acids, similar to the sulfamates,
are comparatively stable in neutral or alkaline solutions.
Upon alkaline hydrolysis, sulfamide yields ammonia and the:
corresponding sulfamate.

TasLE I. Mixep AQU&AM}IONO Acipsg -
Related to Sulfuric Acid Related to Curbonic Acid

Formula . Name | Formula Name
.- HO—80y+—OH Sulfuric acid HO—CO—OH Carbonic zeid
HO—80+—NH: ' Sulfamic acid HO—CO—NH; Carbamic aeid
. HaN—S80:—NH: Sulfamide H.N-——CO-—NH; Cuarbamide"
{urea)
HN(SOr—NHs)z2 -Imidodisulfon- HN(CO-—NH,): Biuret
amide
NH(SU:—OH): Imidodisulfonic HN(CO—OH): Imidodicar-
acid : bonie acid

Table I illustrates the relation between the nitrogen-
substituted sulfuric acid and the nitrogen-substituted car-
bonic acid series.

While this tabulation illustrates the relationships in
structure and composition, the chemical relationships also
hold quite well if the grester stability of the sulfuric acid
series is. taken into consideration. For example, carbamie
acid and the carbamates are easily hydrolyzed while sulfamic
acid.and the sulfamates are comparatively stable.

Physical and Chemical Properties

The more important properties wpon which, in most
instances, the industrial uses of sulfamic acid are based are
as follows: It-is a solid melting at 205° C.; it is colorless,
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odorless, nonvolatile, nonhygroscopic, soluble in water and
in formnamide, und slightly soluble in methanol. Sulfamic
acid is highly ionized in aqueous solution, and its pH range

appraaches that of nitric, sulfurie, and hydrochloric acids’

(14).- It forms highly soluble salts with (a) basic hydroxides
—e. ., lead and barium sulfamate—and with (b)) amines and
polymeric amines. Sulfamic acid contains & reactive amide
group, is hydrolyzed by hot water and alcohols, and reacts
with nitrous acid and nitric acid, with aldehydes, and with
certain amide groups.

1t should be emphusized that sulfamic acid shows a unique
end important combination of properties in that it is a solid,
nonhygroscupic material which is easily packaged and trans-
ported commercially, and is also a strong acid which is
highly ionized in aqueous solution.

An efiective demonsiration of the nonhygroseopic, non-
volatile nature of sulfamic acid is afforded by the large

INDUSTRIAL AND ENGINEERING CHEMISTRY 793

single crystal of sulfamic acid shown in Figure 1. This
crystal was prepared several years ego by slowly evaporating
from a wax-coated container, » saturated solution of sulfamijc
acid seeded with a single small erystal of the acid. In April,
1938, soon after its preparation, this crystal was exhibited
at the meeling of the AMERICAN CEEMICAL SocIETY at
Dallas (74). Since that time it has been stored under
ordinary rocm conditions wrapped in cheesecloth. Except
for slight loss in luster, this crystal bas retained its oriyinal
appearance. The crystal strueture of sulfamic acid has been
fairly well defined in several publications (9, 21, 81, 46). In
a more recent publication concerning erysisl structure of
potassium sulfamate it is concluded that the three oxygens
and the nitrogen atom of the sulfemate group are arranged
in an almost regular tetrabedron configuration around the
sulfur atom. The structure appears to be purely ionic, and
there was no evidence of hydrogen bridges between neigh-
boring anions (7).

The chemical properties of sulfamic acid were discussed
in considerable detail in a previous publication (14), and
the more important of these properties which are of interest
commercially are listed above. 1t is evident that the chemi-
cal character of sulfamic acid depends on both its acidity
and on the reactivity of the amide group. These properties
will be referred to again in connection with various industrial
applications ior the acid and its derivatives.

Very little information relating to the physiological prop-
erties of sulfamic acid has been published (36, 40). In a
preliminary study made by the Haskell Laboratory of
Industrial Toxicology, it was found that rather large oral
doses of sulfamic acid to rats showed toxicity effects such as
might be expected from feeding any highly ionized acid
material (25). Moderate doses of either sulfamic acid or
ammonium sulfamate (1 gram daily for 6 dayz) fed to dogs
gave no systemic toxic effects. In the latter experiments
the suliamate group was apparently not decomposed in the
organisin but was excreted unchanged in the urine. Upon
brief contact with the skin sulfamic scid shows no noticeable
effect but, as o normal safety precaution, it is recommeonded
that prolonged exposures be avoided. Ammonium sulfamate
showed no skin irritation on rats. Similarly, in two hundred
human test cases supervised by the Haskell Laboratory of

Industrial Toxicology, fabric treated with ammonium sul- -

famate produced no skin irritation.

'—WW

The discovery of a practical process for the
manufacture of sulfamic acid has stimu-
lated the development of various industrial
uses for this acid and its derivatives. Ex-
pausion of these industrial applications
now permits the production of sulfamic
acid and certain of its salts on a commer-
cial basis. The pbysical and chemijcal
properties of sulfamic acid upon which
these industrial uses are based are reviewed,
and information obtained in a preliminary
study of the physiological properties of
sulfamic acid and ammonium sulfamate is
given,

Among the more important practical
applications reviewed in some detail arc

the following: nitrite removal in diazoti-
zation reactions, analytical procedures,
laboratory reagent, flameproofing textiles,
leather tanning, weed killing, aldchyde-
addition reactions, and electroplating.
Among the miscellaneous potential appli-
cations for sulfamic acid recently disclosed
in the patent literature are: laundry
sours, gas-liberating compesitions, metal
polishes, photographic compositions, solu-
bilizing polymeric or high-molecular~
weight amines, peptizing pigments, poly-
merizing olefins, and acidizing oil wells.
Sulfamic acid can now be considered as an
available raw maiterial destined to hecome
of increasing industrial importance.

i —
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Reaction with Nitrous Acid

" One of the first industrial applications to be developed for
sulfamie acid was.based on its reaction with nitrous acid (23).
The chemistry of this application is represented by the
following equation: :

HO—S0:—NH,; + HNO; —> H:0 + N» + H.S0,

. This reaction is e.\'ceedinély rabid and proceeds (juantitatively, ’

as shown a number of years ago by Baumgarten and Marg-
graff, who recommended the use of sulfamic acid in an

improved analytical procedure for the determination of

nitrites (4). Recently this treatment for nitrite removal
has been utilized in analytical procedures for determining
dissolved oxygen and biochemical oxygen demand in sewage
treatment and river pollution studies (18). A similar
procedure for nitrite removal has been proposed in a method
for analyzing the sulfanilamide content of blood (41). These
investigations further substantiate the quantitative nature
of this reaction.
use of sulfamic acid for eliminating the excess nitrite em-
ployed in diazotization reactions for dye and colored pigment
manufacture (37). In a representative pigment manufactur-
. ing process which originally required 25 pounds of ures and
a period of 3 hours to complete the excess nitrite removal,
4 pounds of sulfamic acid now cemplete the same reaction in
about 5 minutes. Similar results are obtained in azo dye
manufacture. In such procedures a larger excess of nitrite
may frequently be employed to facilitate the diazotization.

Because the reaction may be more closely controlled, cleaner .

shades of color with better uniformity in batches is possible.
-The advantages of these procedures are now being extended

to other fields such as in the application of developed colors

to textiles and leather.

Flameproofing -

“An early observation that the sulfamates are highly
compatible with cellulose led to their extensive evaluation as
flameproofing agents (15, 16). Ammonium sulfamate is
unique among ordinary fire retardants because it does not
. cause stiffening or otherwise adversely affect the handle and
feel of fabrics, paper, and the like. Moreover, the sulfamates
show no tendency to crystallize on the surface of the flame-
proofed article on uging (13). Wearing apparel treated with
ammonium sulfamate retains its original appearance and
texture and in practical uses, such 23 workmen’s overalls,
has shown no decrease in wearing quulity. Flameproofed
draperies which are often exposed to wide variations in
temperature and humidity show. no efflorescence of the
sulfamate upon the surface of the fabric.- Under certain
special conditions where a slight afterglow cannot be tolerated
or where exceptionally high humidities are encountered,
modified compositions of ammonium suifamate are recom-
meunded (22). The applications ure made from aqueous
solutivns by either dipping or spraying methods. The
treatment is resistant to dry cleaning solvents but is rapidly
removed by water. Considerable amounts of ammonium
sulfamate fire retardant were used at both the San Francisco
and the New York World Fairs. Appreciable quaatities of
this fire retardant are now bheing utilized in airplane manu-
facture and in Huneproofing workmen’s clothing for greater
protection—for example, in steel mills, shipbuilding plants,
and welding operations. Because of numerous fires, particu-
larly those in cntertainment halls, many ecities throughout
the country now enforce strict ordinances requiring o fire
retardant trestrnent for all decorative materials, draperies,
window curtains, ete., used in places of public assembly.
The demand for a satisfactory five retardant has inercased
substantially during the last few years.

Of more direct commerecial interest is the

020

Vol. 34, No. 7

Laboratory Reagent

" Another general application for sulfamic acid is as a
laboratory reagent in both industrial and institutional labora-
tories. A number of such possible uses follow: titrimetric
standard (indicator pH range 4.5-9); diazotization reactions
(dye preparations); analytical procedures for nitrite analysis
and oxygen in water analysis; extraction of rare earth metals;
miscellaneous experimental uses, such as preparing nitrous
oxide from nitric acid and sulfamic acid, and determining
water of hydration in calcium sulfamate. )

Investigations by Audrieth and his students showed that
sulfamic acid is an excellent acidimetric reference standard
in analytical chemistry, and is superior to such standards as
benzoic acid, succinic acid, potassium biiodate, and potassium
acid phthalate (10). The use of sulfamic acid for reaction

" with nitrite was deseribed previously, but it might be men-

tioned that a number of schools have adopted sulfamic acid
as a standard reagent in laboratory experiments invelving
diazotization- reactions. The analytical procedures listed
above have shown definite advantages and are recommended
as standard methods of analysis (4, 13, 41). It is reported
that the separation of the lanthanum earth metals from the
yttrium rare earth group is facilitated through the use of

- suiamic acid (33). In a recent publication King and Hooper

showed that hydrated calcium sulfamate is readily dehy-
drated at temperatures above 69.4 °C. (32). Asthe hydrated
salt is easily prepared in the laboratory, it should be especially
suitable for determinations of water of hydration as carried
out in elementary chemistry courses. The preparation of

.nitrous oxide gas is easily accomplished simply by heuting

nitric acid with sulfamic acid (3). An experiment of this
type might well supplement the ordinary laboratory ex-
periment based on.a heat decomposition of ammonium nj-
trate. Additional elementary experiments might be devised
in which the solid, nonhygroscopic nature of sulfamic acid
would be advantageous because of greater accuracy, con--
venience, and safety in handling.

Tanning

An extensive evaluution program relating to the use of
sulfamic acid in the leather tanning industry has been carried
out, and certain advantages have been observed (19). For
example, skins processed with sulfamic acid have a finer and
silkier grain than those prepared with sulfuric acid. More-
over, sulfamic acid gives a tizhter skin and produces better
sudde when used on goatskin tanned with formaldehyde.
The calcium sulfamate formed in the processing is highly
soluble so that there.is less tendency toward lime spots than
when sulfurie acid is used.

In the leather pickling operation in which hides are con-
verted from an alkaline to an acid conditicn for prolonged
preservation, a portion or all of the sulfuric acid may be
replaced with sulfamic acid, depending upon the resulis de-
sired. Higher proportions of sulfamic acid vield lenther
showing a more attractive grain and better working qualities.

In the regular bating procedure the hides are subjected to
the action of enzymes to remove hair follicles und extraneous
matter.. In this operation approximately 0.23 var cent of
suliamic acid, based cn the fesh weight of hil-s, and the
regular amount of bating raaterial or similar products are
added to the skins pluced in the bating paddie. The temper-
ature should be allowed to rise to the normal poiut in the
tannery, which may vary between 90° and 95° I. If the
buating inaterial does not contain ammonium salts, it is
desirable to add a small amount of ammeonium chloride or
sulfate to the bate to prevent surface hardness. The leather
produced with sulfamic acid according to the sbove procedure
shows a fine and silky grain which is retained throughout the
subsequent finishing operation. ' ’



e e —

July, 1842

~wild cherry are

- monium sulfamate

Herbicidal Action

About five years ago the evaluation of sulfamic acid and
ite salts as weed killers was first initiaied. Preliminary
reports of this work, published ahbout two years ago (18),
stimulated a large number of practical field tests by agents
ceattered throughout this country and sbroad. Highly
favorable results are indicated in the reports of practically
ali of these investigations, from which the following conclu-
sions have now been drawn (90):

1. Ammonium
sullamate has a
mueh more effeniive
herbicidal ection

INDUSTRIAL AND ENGINEERING CHBEMISTRY 795

plant, will gradually die (24). When cpplied only to the bark
of the poison ivy vine or of various {rees, emmonium sulf-
amate solution is without effect. Thus it has been found
especially suitable for the eradication of poison ivy from
orchards; practical tests carried out in Ohio, California, New
York, Delaware, and other states, have been highly suceesful
and have increased ihe demand for ammonium sulfamste in
this field. A considerable number of inquiries have alrexdy
been received relating to the eradication of poison ivy from
parks and recreaticnal camps.  In many localities wild cherry

is especiclly cb-

noxious because

it serves as the

then ammonium
sulfale, ammonium
thiocyaneate,
sodium clleride,
and calcium chlo-
ride, and is equally
as efieclive as, or
on some weeds is
better than, sodium
clilorate.

2. Ammonium
sulfaimate is con-
siderably more
effective in her-
bicidal sction, ovn
an equal weight
basis, than sodium,
magnesium, and
calowum sulfamales
and i¢ elightly
more efficient than
sulfamic acid.

3. Certain -
woody plants guch
as paison ivy and

i

readily eradicated

T
5
)
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host for orchurd
diseases and in-

ting wild, cherry
brush is inetfec-
tive as a Iezns
of eradication,
while digging out
the roots is ex-
pensive and often
difficult. Am-
moniwn suliamnte
_spray is easily
applied and serves
as an effective
control because
the entire plant,
mcluding the root
system, 'is de-
stroyed. Deep-
rooted weeds such
-as Canadsa thistle

by proper treat-
ment with am-

spray, used in a
concentrationof
about one pound of
salt per gallon of water. .

4. Most of 1he annuel weeds and “soft” perennials are easily
killed by proper spraying with ammonium sulfamaie solution.

5. Certain perennials suech as woodbine, bindweed, black-
berry, and grasses are somewhat more resistant and may require
additional treatment to obtain perianent eradication.

6. Treatments are the most eflective when applied to the
mature plant during ihe summer and {all,

7. Conditions of high humidity accelerate the weed-killing
action of ammonium sulfamate.

8. The herbicidsl sction of ammonium suliamate is probably
associated with translocation of the salt into the plant structure,

- especially through the leaf tissues.

In addition to its ouistanding herbicidal action, ammonium
suliamate has several other advantages. It is apparently
guite rapidly decomposed by bacteria in the soil (36) so that
it may be applied without dapger of long-time soil sterili-
zation. In the physiological tests mentioned above, am-
monium sulfamaie was found to be nontoxic to animals. It
does not possess the fire hazard associated with certain weed
killers. Ammonium sulfamate may therefore be used ad-
vantageously in places where plants are subsequently grown,
where toxic materials would be objectionable, or where fire
hazards should be avoided.

When ammonium sulfamate solution is applied to a single
selected leaf at the top of a growing coleus plant, the treated
leal soon wilts and gradually dies. However, before the
treated leal has completely wilted, other leaves of the plant
progressively wilt as ammonium sulfamate is translocated
within the plant. If sufficient salt is applied, the entire

FiGGRE 2. Errecrive ErabrcatioN oF PoisoN Ivy witH AmMmoNIom Surk-
AMATE IX A FIELD TEST

and bindweed or
.. certain grasses,

notably ordinary

quack grass, show

complete top kill
and considerable root injury, but repeated treatment is
often required before permanent eradication is obtained. A
somewhat selective weed-killing action has been noted in a
few instances, but considerable work remeins to be done
along this particlar line before definite recommendations are
possible (£4).

A representative field test showing effective eradication
of poison ivy by means of ammaenium sulfamate is shown by
Figure 2. Each of three test plots had an area of 100 square
feet, and a fence post covered with ivy was located at approxi-
mately the center of each plot. On June 15, 1940, the f{olizge
was treated with a solution comprising one pound of salt in one
gallon of water applied with a pressure sprayer. Ammonium
sulfamate was applied to the center post area, ammonium
thiocyanate to the plot in the left foreground, and ammonium
sulfate to the area surrounding the right-hand post.” The
photograph was taken on August 10, 1941, 14 months after
treatment. Ammonium thiocyanate and ammonium sulfate
gave only slight temporary injury during the first season
(1940) while ammonium sulfamate gave complete kill. Only
annual weeds, presumably started from seeds, were present
during the second season (1941) in the ammonium sulfamate
treated area. :

A discussion cf the chemistry of the action of ammonium
sulfamate as & herbicide would be highly speculative. It is
possible that the slight acidity and high solubility of am-
monium sulfamate combined with its compatsbility with
cellulose may be important factors, but there is no evideunce
to_ prave this.

sect pests. Cut-
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Misewllanesus Uses

An interesting group of compounds derived from the

sulfamates are the aldenyde addition products; their structure
is represented by the general formula R—CHOH—NHSOM,
or the dehydrated form R—CII==NS0,M, where R designates
hydrogen or an vrganic group and M represents a cation metal

or group. Previous publications have deseribed a number-

of these derivatives and their method of preparation (27, 34,
48, 49). 'The sldehyde derivatives of calcium sulfamate are
of particular interest because of their greater stability,
especially in the isolated, solid form (23). Depending on the
conditions of preparation, either the calcium methylol
sulfamate, (HOCH.NHSO;):Ca, or the calcium methylene
sulfamate, (CHy=NS0,).Ca, may be prepared. As would be
expected, the methylol derivative is highly soluble in water
while the methylene derivative is ouly moderately soluble.
Other aldebyde-addition products, such as calcium benzalde-
hyde sulfamate and calcium furfural sulfamate, are readily
prepared using essentially the method described by Schroeter
(48). A pumber of specific uses for these products are now

. being considered.

Recent publications have indicated that sulfamic acid
performs satisfactorily under certain conditions when used
for electroplating metals or for refining metals by electro-
chemical procedures. Metals such as copper, silver, iron,
nickel,. cobalt, cadmium, zinc, and lead have been satis-
factorily plated in smooth deposits from sulfamic acid sol-
utions (11, 12, 42, 44). Certain advantages over fuosilicic
acid have also been noted in the refining of lead. For ex-

ample, sulfamie acid i3 more easily handled commercially and’

its solutions may be used in ceramic- or asphalt-coated wood
containers. However, further practical testing is required
before sulfamic acid will be extensively used in this field (43).

A considerable number of miscellaneous applications for -

sulfamic acid and its salts have been disclosed in the recent
patent literature. Certain of these uses show promise of
becoming commercially important although further expan-
sion in the fields indicated will depend mainly on economic

-considerations balanced against the technical advantages

derived throngh the use of sulfamic acid. Among the
applications of sulfamic acid itself are: laundry sour (26),
washing rinze or fixing agent for textile dyes, gas liberating
compositions (6, 45), metal polishing compositions (5, 29),
photographic fixing baths (8), photographic bleaching baths
(59), solubilizing high-moleculur-weizht amines (basic dyes)
(47, 82), solubilizing polymeric araines (I7), peptizing pig-
ments (35), polymerizing olefins (50), and acidizing oil wells
(1,8). Thesulfamates may be utilized as antigelation agents
for soap solutions (30), in preparing phthalocyanine pigments
(68), in preparing guanidine suliamate (28), and as textile
finishing agents (38, 51).

In each of these applications one or more of the advan-
tageous properties of sulfamic acid or its salts is utilized. For
example, when sulfamic acid is used as a laundry sour at the
end of a laundry washing operation, less residual inorganie
salts remain in the fabric. In smoll-package textile dye
preparations, which may be purchased for home applications,
a solid acid ingredient is often included for fixing the dye at
the end of the dyeing process.  For such usage the acid must
be crystalline and nonhygroscopic and, preferably, show
ligh ionization in water. Sulfamic acid meets these require-
ments. Certain gas-liberating compositions have the ad-
vantage that they are comparatively stable in the dry solid
forn but readily react when water is added. In some
instances metal polishing compositions have shown improved
seouring and pelishing properties when sulfamie acid iz uzed
as the acid ingredient. The addittonal uses listed show

advantages mainly based on the ease of handling this acid
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commercially and its ability to form sirongly acid solutions
or highly soluble salts.

Ammonium sulfamate is known to decrease the gelation
tendency of soap solutions. This antigelation effect of the
sulfamate ion has been noted in other colloidal systems and
may well find specific industrial applications.

In summarizing the present commercial position of sulf-
amic acid, it may be stated that a number of established
industrial applications have already been made which permit
the manufacture of sulfamic acid on a major scale. Addi-
tional practical applications will no doubt be found. Sulf-
amic acid can now be considered an available, commercial
chemical destined to become of increasing industrial impor-
tance. :
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SIX good reasons why
Dy Du Pont Sulfamic Acid
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Safer to Handle. There’s much less danger in handling Less Expensive to Use. Dry acid cleaners based on sulfamic are
sulfamic acid-based cleaners. They are non-irritating to psualg' at least 95% active. That means there are no idle, useless
dry skin and can easily be rinsed away with water. ingredients: practically all of the dry acid cleaner actively works to

Switching to sulfamic-based cleaners means no more remove milkstone from process equipment.
hazardous glass bottles to carry over wet, slippery floors;
no danger of spilled liquid acid.

. Wi

Less Weight to Handle. One 400-1b. drum will replace Eliminates Leakers. Even lined steel drums for liquid acids can
two 55-gal. drums of 50% li(il id acid cleaner that weigh leak, wasting money and presenting a danger to personnel and
more than 650 pounds each. Thus shipping sulfamic- equipment. Leakage can cause expensive floor damage.

based cleaners costs less and less space is needed for
storage.
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new cleaners based on
ideal for dairy cleaning
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Unit Packaging Cuts Waste. At convenient slack times, cry-
stalline dry acid cleaners formulated with Du Pont sulfamic can
be weighed out in the exact amount required for each cleaning
operation. This unit packaging eliminates over-use by maintenance
workers and is conveniently simple and safe.

NOW ... YOU CAN CLEAN DAIRY EQUIPMENT MORE SAFELY AND MORE

Quick and Easy to Use. Dry acid cleaners are quickly
and casily added directly to surge tanks, vats, etc. Here
they rapidly dissolve in water and effectively remove
milkstone from process equipment. Special precautions
aren’t necessary, and personnel need not be experienced
in acid handling.

EFFICIENTLY WITH QUICK-ACTING, ECONOMICAL DRY ACID CLEANERS

Dry acid cleaning compounds hased on Du Pont
sulfamic acid are measured dry, then mixed with
water for use. These cleaners are non-fuming and
produce no corrosive gases, whether dry or in solu-
tion. Thev have been accepted by industry for
cleaning equipment ranging from water distilling
units, to sugar evaporators. And they can be han-
dled safely by inexperienced workers.

Milk burn-on and milkstone are quickly and
thoroughly removed from stainless steel surfaces
of process lines, storage tanks and equipment with

solutions of these cleaners. Lab tests, confirmed by
extensive plant experience, show sulfamic-based
cleaners are as gentle as liquid acid cleaners on
stainless steel dairy equipment.

Dry acid cleaners are ideal for in-place
cleaning of standard equipment used in
fluid milk, milk products and ice eream
plants. Join the growing number of com-
panies who are saving time and money
with cleaning compounds based on dry
sulfamie acid!
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Ask your formulator or dairy supply dealer
about these cleaners based on Du Pont
Sulfamic Acid. He will gladly discuss
your specific cleaning needs, and show
you how you can save money and
time  with these convenient
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saving Dry Acid Cleaners! T
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cleaning compounds.

Du Pont manufactures sulfamic acid—does not
Sormaulate or sell any cleaning compound
based on this chemical. For best results,
Sollow recommendations of the
manufacturer whose product
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~ SULFAMIC ACID

Sulfamic acid is a nonvolatile, nonhygroscopic, odor-
less, white crystalline solid. It forms highly ionized,
strongly acidic aqueous solutions. Du Pont manufac-
tures sulfamic acid in both crystalline and granular forms.

AVERAGE ANALYSIS

CRYSTAL GRANULAR
GRADE GRADE
Sulfamic acid, wt% 99.6 92.3*
U.S.S. Screen Size
On #16, wt% 0.1-0.6 —-

Through # 100, wt% - 4.0 -

*Remaining 7.7% is primarily ammonium bisulfate.

PROPERTIES ;
Melting Point, °C 205

°F 401
Solubility in water, wt%
25°C (77°F) 24
70°C (158°F) 43
pH of a 1% solution
20°C (68°F) 1.25

CHEMICAL REACTIONS
Reaction with carbonates
CaCO; + 2HSO;NH—»Ca(S0,NH;,); + H;,0 + CO;

Reaction with basic hydroxides
KOH + HSO3;NH;~» KSO3NH, + H,0

oy A UL ASPYS GRS o o gty 1 O L% 1R g e

Reaction with metallic oxides
Fe,0; + 6 HSOsNH;— 2Fe(SO;NH,); + 3H,0

_ Reaction with nitrous acid
HNO, + HSO;NH;—-»H;SQ; + H,0+N,

Reaction with sodium hypochlorite
NaOCI + HSO;NH; 22 NaSO;NHCI + H;0
NaOCl + NaSO;NHCI 2 NaSO;NCI; + NaOH

" Reaction with tertiary amines
R;N + HSO;NH:—DR;N'HSO;NH:

Reaction with primary alcohols
ROH + HSO;NH; —» RO—50,—0NH,

Hydrolysis
H20 + HSO;NH, 3 NHHSO,
Aqueous solutions hydrolyze very little at room temperature

SUGGESTED USES AND APPLICATIONS

industrial Cleaning—Because of handling ease and
lower corrosiveness the dry acid replaces mineral acids
as the active ingredient in chemical cleaners. it is use-
ful for descaiing air conditioning, marine, and dairy
equipment as well as industrial boilers, condensers,
and heat exchangers. It is also used to clean sugar
evaporators and as a conditioner to clean paper makers
felts, Fourdrinier wires and cylinder molds.

Chlorine Stabilization—By forming chlorosulfamates*
with chlorine in water, sulfamic acid acts to stabilize the
chlorine used in swimming pools, cooling towers, and
paper mills to control microorganisms.

Paper Pulp Bleaching—Sulfamic acid combines with
hypochlorites to form chlorosulfamates* which reduce
pulp degradation and increase bleaching efficiency.

Dyes and Pigments—Sulfamic acid reacts with nitrous
acid to form nitrogen gas. This reaction is used com-
mercially to remove excess nitrate in manufacture of

*Refer to the Du Pont Sulfamic Acid Product Information Bulletin for information on poten-
tial hazards from preparation and use of N-chiorosulfamates.
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dyes and pigments, and fabric and leather dyeing.

Electroplating and Electroforming—Plating baths of sul-
famate metal salts give bright, dense deposits in elec-
troplating and electroforming. Nickel sulfamate baths
show increased throwing power. and stress-free coatings.

FDA Status—Sulfamic acid may be used in paper and
paperboard in contact with food and food products in
accordance with applicable FDA regulations. It is authorized
for use as an acid cleaner in equipment used in all
departments in plants operating under USDA Poultry,
Meat, Rabbit, and Egg Products Inspection Programs.

STORAGE AMND HANDLING

Sulfamic acid granular should be stored in a cool place.
The crystal grade does not require special storage. To
prevent the absorption of moisture and possible caking
of both granular and crystal grades, package liners
should be kept tightly sealed when not in use.

Since aqueous sulfamic acid solutions attack ferrous
metals, corrosion-resistant equipment is recommended.
Satisfactory materials for storage tanks are polyethy-
lene, rubber lined steel, and type 316 stainless steel
with stress relieved welds.

PERSONAL SAFETY

Sulfamic acid and its solutions cause eye injury. Do not
getin eyes. Cup-type, rubber, or soft plastic framed gog-
gles, equipped with approved impact-resistant glass or

O Y7

plastic lenses, should be worn. Goggles should be care-
fully fitted to insure maximum protection and comfort.

In case of contact, flush the eyes with plenty of water
for 15 minutes and get medical attention.

Sulfamic acid and its solutions may also irritate the
nose, throat, and skin. Avoid breathing dust. Avoid con-
tact with skin and clothing. Exposure to the skin can be
minimized by wearing rubber gloves when handling sul-
famic acid and its solutions. In case of contact, flush
the skin with plenty of water.

For ingestion of sulfamic acid, the person should drink
large amounts of water immediately and get medical
attention. Vomiting should not be induced. ’

PACKAGES

Granular—400 b nonreturnable polyethylene lined fiber
drums.

Crystal—50 Ib moisture proof polyethylene lined paper
bags and 425 Ib nonreturnable polyethylene lined fiber
drums.

No DOT labe! is required. Freight classification: Acid
Sutfamic, Dry (Acid N.O.L.B.N., Dry).

This data sheet is for guidance in using Du Pont sulfamic acid. It is
based on information and tests believed to be reliable, but suitability
for any particular use should be confirmed by the user's own tests.
The advice contained in this data sheet.is given and accepted at the
user's risk, and the Du Pont Company makes no guarantee of results
and assumes no obligation or liability in connection therewith. This
publication is not to be taken as a ficense to operate under, or recom-

mendation to infringe, any patents.
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AMMONIUM SULFAMATE

DESCRIPTION
White, odorless, crystalline salt.

TYPICAL ANALYSIS

Ammonium Sulfamate...........oieiiiiiinen 98.9%
Free Sulfate as (NH.)2 SOs.evvvvvviiieiiiinn, 1.19%
1o 12 B T o TR 0.0019%
Water Insoluble Matter.........ccocvvvnnns, 0.006%
oY 1-3 ¥ [ - N 0.02%

pH of AMMONIUM SULFAMATE SOLUTIONS

7
DATA
% pH
10 512
6 6 5.18
5 5.20
25 5.29
i 5- 1 5.40
5, 5.60
.25 5.74
4- o 600
.05 6.21
01 6.42
3
0% 10%
Concentration
- % by wt.
PHYSICAL PROPERTIES
Molecular Weigh .......covivuveniiiiiiiinee, 114.13
Melting Point...............c0000ee00 00,131 10 132°C

Bulk Density (69-lbs/cu ft loose, 65 packed)

NH.SO3NH,

CHEMICAL REACTIONS
Ammonium sulfamate reacts with:

1-—-Benzamide, to yield diammonium imidodisul-
fonate,

CsH;CONH, + 2NH,SO;NH, + H,0—

HN (SO,NH.) :+ CcH;COOH + 2NH,

2—Urea, to yield guanidine sulfate,
H,N+C:ONH, 4+ NH,SO:;NH,—
HzN‘C:NHNH:‘NH‘HSO¢

3—Urea, at elevated (250°-400°C) temperatures,
to yield melamine,

3H,NeC:ONH; 4+ 3NH,SO;NH,—

(H:NCN); + 3 (NH,); SO,

4—Amides, by fusion, to yield nitriles; typically,
RCONH,; + NH,SO;NH,;—RCN + NH,HSO, 4+ NH,

5—Water, at elevated temperatures (80°C and up),
hydrolyzing to form ammonium sulfate. (See sec-
tion on *'Safe Handling'’')—

H.0 + NH,SO:NH;—>(NH)), SO, + heat

6—Aldehydes, at low temperatures (10°C and
down),

CH,CHO + 2NH,SO;NH,—

NH,SO;NHCHOHCH; 4 (NH.,): SO,

DENSITY OF AQUEQUS SOLUTIONS

Concentration Specific
% by Wt of Gravity
Ammonium Sulfamate at 25°C
in Water

0% 0.9971

5% 1.0221

10% 1.0468

15% 1.0717

20% 1.0964
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SOLUBILITY IN WATER

50 -
40
DATA
o 30F g/100g H:0  Temp.
[ 134.8 0.2
E 166.6 10
F o2t 200.2 20
2344 30
2795 40
10 | 357 50
0 e L —
100 200 300 400
gms. Ammonium Sulfamate
100 grams H20
Moderately soluble in glycerine, glycot,
formamide and liquid ammonia,
USES

ANTI-GELLANT Ammonium suifamate shows less
tendency to ccagulate many colloids than salts of
other acids. Addition of 10% ammionium sulfamate
in soap or sulfonated detergent solutions often pre-
vents gelling, even at room temperatures, thus avoid-
ing the need to keep these solutions hot.

TEXTILE FINISHING Ammonium sulfamate imparts
a soft “*hand’’ to cotton textiles at loadings of 8-12%,.

FLAME RETARDANT FORFABRICS Approved by the
Board of Standards and Appeals of the City of New
York, January 14, 1941, under Cal. No. 822-40-SM.
Recommended only for cellulosic fabrics.

FLAME RETARDANT COMPOSITIONS Combined
with other materials for use as a flame retardant for
paper and fabrics. A typical formula is one recom-
mended in the American Hotel Association’'s report,
“Textile Flame-proofing Compounds, Part I”’, which
lists *'80 Ibs of ammonium sulfamate, 20 Ibs diam-
monium phosphate, 3% oz. Nacconol NRSF* (wetting
agent), and 50 gallons of water’’. In any such flame
retardant formula it is essential to test swatches of
each batch treated for flame retardancy. A weighting
of 15% dry solids based on the dry weight of fabric
treated is suggested.

*Allied Chemical Co., National Aniline Div.

FLAME RETARDANT-—-WATER REPELLENT COMPO-
SITIONS Du Pont has in its research laboratories in
recent years invented an improved flame retardant
and water repellent composition highly useful in the
treatment of organic materials. This composition
contains four essential ingredients as follows:—

Ammonium sulfamate
Dicyandiamide* 5-20 parts by weight
Boric acid 5-30 parts by weight
Werner complex compound 0.3-1.8 parts by weight

100 parts by weight

This improved composition is disclosed and claimed
in Du Pont's US Patent 2,723,212.

Du Pont markets several Werner type complexeé
under the trade name of “‘Quilon’'®chrome complex.

OTHER USES

Additional uses in which ammonium sulfamate has
shown promise include:— '

—fire retardant for sponge rubber
—ingredient in rubber jatex compositions
—ingredient in dry cell batteries

—stabilizer for pigments and zinc dust paints

—glycerol and ammonium sulfamate as a dust col-
lecting solution for use on air fitters

—in the preparation of phthalocyanine pigments

SAFE HANDLING

No hazards are encountered in the usual applica-
tions. Ammonium sulfamate in contact with the skin
is neither very toxic nor very irritating. Ingestion
causes irritant effects, but moderate doses appear
to have no systemic toxic effects.

In 1962 the American Conference of Governmental
Industrial Hygienists published a Threshold Limit
Value of 15 mg per cubic meter of air for ammonium
sulfamate. This concentration in air is intended to
“represent conditions under which it is believed that
nearly all workers may be repeatedly exposed, day
after day, without adverse effect.”

Support for this value is presented in Documenta-
tion of Threshold Limit Values by the American
Conference of Governmental Industrial Hygienists
(1962) as follows:

“(Ammonium suifamate) has an acute oral LDy, of
3900 mg/kg for rats. it is thus improbabie that acute
or chronic poisoning can result from exposure to it
under ordinary conditions of use.

*Sources, American Cyanamid Co. :
. Baird Chemical industries, Inc., 15 W. 32nd St., N.Y.C.
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“The Threshold Limit Value of (15 mg/m?) is as-
signed by analogy in the absence of inhalation toxicity
data, and because several years of extensive use
have apparently caused no iliness.”

At elevated temperatures the hydrolysis of ammon-
jum sulfamate in water solution is fairly rapid. At
80°C a 10% solution will be 40-50% hydrolyzed in
about 8 hours. In closed vessels and at higher tem-
peratures a runaway hydrolysis reaction can occur
which may end in explosion and rupture of the vessel.
At reduced pH and higher concentrations this danger
is enhanced, for example: a 60% solution at pH 2
will “‘runaway’’ at 130°C.

i.C.C. Label Requirements—none.

FACKAGING
Polyethylene lined multi-wall paper bags containing

100 Ibs net weight and fiber drums containing 50 tbs
net weight.

MATERIALS OF CONSTRUCTION

As with most salts, solutions of ammonium sulfamate
are mildly corrosive to carbon steel. Stainless steel,
lead, wood, glass, rubber-lined and ceramic vessels
are generally suitable for handling and storage of
ammonium sulfamate solutions. If mild steel must
be used it is recommended that immediately after
use all parts be flushed thoroughly with water.

Mentioning of specific proprietary products is notintended to imply
that no other products are equally suitable or better. There may be
such products, but only those referred to were mentioned in the
originai source or tested by Du Pont,

O S U
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Furie, T.E., Ed. 1968
CRC Handbook of Food Additives
The Chemical Rubber Col, Cleveland,Ohio
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G. FREDERICK SMITH CHEMICAL COMPANY
867 McKinley Avenue, Columbus, Ohio 43223
614-224-5243

o et R S
RS T g e

LOREN McBRIDE, Chemist

May 10, 1973

Mr. Donald W. Mc Kinstry
Tracoxr Jitco,Inc,

1300 E. Gude Drive
Rockville, Maryland 20851

Dear Mr,., iMc Kinstry:

Thank you for your letter of May 2 regarding our sulfamic Acid,
At present we purchase technical or commercial grade material
and purify it for primary standard and GFS certified use, We
use no trade nzmes or othexr common names for oux product,

we list two grades of this material:

#97 sulfamic Acid $#98 sulfamic. Acid

Primary Standard GFS Certified
Assay 99.,9% 99,97~100,03%
Insolubles 0,01% 0.01%

Heavy Metals 0.001% 0,001%
Iron 0.,0005% 0.0005%
Chloride 0.001% 0.001%
sulfate 0.05% G..05%
Residue on ignition 0.0l1% 0.01%

our products are not recommended for food, drug, ox cosmetic use,

very truly yours,

2 ‘ -

IM:FF

ANALYTICAL CHEMICALS SINCE 1928
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Gleason, N.N., R.E. Gosselin, H.C, Hodge, and
R.P. Smith, 1969 :

Clinical Toxicology of Commercial Products, 3rd
edition

The Williams & Wilkins Co., Baltimore, Md.
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Automatic lon Exclusnon-—Par‘nhon Chromatography

of Acids

G. A. HARLCW and D. H. MORMAN

Shell Development Cd., Emeryville, Calif,

» A method has been developed for
the auvtomatic separation aond de-
termination of ocids by ion exclusion—
partition chromatography. Acids. are
separated on o column of a sulfonic
acid ion exchange resin using only
water os the eluent. The effluent is

_titrated avtomatically cnd the volume

of titront required is recorded as «a
function of time. The resulting in-
fegral curve indicates the quantity
and possible identity of the individual
acids. No pretreatment or regenera-
tion of the column is required. Emer-
gence data for over 50 acids of
widely differing structure are pre-
sented relative to acetic acid.  Ap-
paratus which can be assembled from
commercially availuble components is
described.

ESPITE THE RECENT ADVANCES
D in nonaqueows titrimetry, many
acid mixtures are still encountered
which cannot be resolved by this ieans.
Chromatographie methods have proved
to be useful in separaiing many such
mixtures.  However, liquid chromato-
graphic methods have not been widely
used because the procedures which
have beeu published ususlly involve
the tedious collection and analysis of
numerons individual - fractions, a
technigue which is not very satisfactory
for either routine or exploratory use.

This paper describes a method based on
ion exclusion and partition chromatog-
raphy, followed by automatic titration,
which has proved to be very useful
during the last four years in the resolu-
tion of mixtures of water soluble acids.
Duata are provided on the separability
of various acids, and a procedure and
automatijc apparatus are described to
make such separalions convenient,
Wheaton and Bauman (/1) first
deseribed  ion  exclusion separations.
They also reported the application of the
techniques of ion exclusion chromatog-
raphy to the separation of nonionic
materials (10). Simpson and Wheaton
(7) examined the effects of varying the
column parameters on  column  ef-
ficiency. However, ion exclusion has
been deseribed principally as a unit
operation (1, 6, 9, 11) for process work.
Analytical applications have been al-
luded to, but little information has been

pub!l\he(l to suggest what separations

can be achieved by lon exeliusion and by
the same techniques applied to partition
chromatography other than the de-
ionization of nonelectrolytes,

Wheaton and Bauman (f1) reported
complete or partial resolution of the
various pairs  of . acetic, chlornacetic,
dichluroacetic, tllf‘huhOJU‘tl(‘., and
hydrochloric acids, excepting the puir
acetic-chloroacetic  which  were  not
separated despite their great difference
in ionization  constants. Reichenberyg

(4), however, subsequently found that
acetic acid could be almost coinplerely
separated from. n-butyric acid although

" their pK's are almost identical. Thownp-

son and Morris (8) investigated the
separation pf salts from amino acids by
ion  exelusion and extended the
technigue to the separation of amino
acids from one another. Buchanan and
Markiw (#) recently described the
separations of a number of amino aciils
by what they called water elution chro-
nmatography on jon exchange resins.
The method described here consists of
separating the acids on a suifynated
polystyrene ion exchange resin in ihe
hydrogen form using only water as the
eluent. The column effluent is titrated
automatically and the volume of titrent
required iz recorded as a funetion of
time.  The resulling integral cuive
gives the amount of each acid presui
and the emergence time indicates it
pr)sﬂbl.. identity.

The method bas a number of ae-
tractive features to recommendd it and
compares favorably with gas chromuee
tography in some respeets.  The pro-
cedure is extremely simple sinea it con-
sists of passing the acids through a short
column of jon exchange resin using only
water as the cluent.  No prctrmfn' -0t u‘
the resin is required since it is usedin the
acid form az supplied, and the resin n
be used repeatedly without reg eneration
sinee, ordinarily, no ion exchunge

poee



oceurs.  Once the sample is placed on
e column, the procedure is antomatie
end rapid, reparation beivg achieved in
s~ than an howr for most saniples
encountered.  Since  the detecior s
epecific for acids,  other  materials
conerilly do not interfere. The detector
i< ahrolute so ealibration for individual
acids is not required.  Data ere obtained
divectly in integral form simplifying
eulenlation of results. "The method is
applieable o dilute aqueous solutions,
and to strong mincral acids as well as
water soluble orsanie seids, although
the strong acids are not resolved from
one another.  The apparatus is simple
snd may be gssembled from  com-
mereinlly available components.

The theory of ion exclusion has been
dizcussed by Wheaton and Bauman
(10, 11} and by Simpson and Wheaton
(7). Reichenberg and Wall (5) have
discussed the shsorption of uncharged
molecules by ion  exchange resins.
Briefly, the theory iz as follows.

The resin bed eonsists of thiee parts:
the solid resin network, the occluded
liquid volume held within the resin
heads, and the interstitial iquid volume
between the resin particles.  Although
water is the only liquid need, the oc-
cluded lignid has u different characeter
than the interstitial lquid because it is
within a hydrocarbon metrix and con-
taim= o high coneentration of Jonic
groups. The resiu network thus serves
as a boundary or eemipermeable mem-
brane  between {wo liquid phases.
Becuuse of 1 Donnan membrane effect,
highly ionized materials, like the strong
mineral acids, are essentially excluded
from the interior of the resin and pass
through the column with the eleent
front, emerging when the interstitial
volume has been displaced. Nonionic
materials, like most organic acids, ave

Col'umn

| ses—
Motor Driven
Eluent Syringe
Titration
Assembly

Combingtion
i Electrode
o Vac g

free to enter the interior resin phase und
thus eimerge sometime later, after the
interstitial plus the occluded Jiguid have
Leen displaced.  This separation of ionie
from nonionic maierials on an ion
exchange resin is cailed ion exclusion.

In addition to this effect, there exist
differences in the tendency of various
nonionic materials to be retarded by the
resin phase.  These differences are due
to hoth polar attractions  between
functional groups and to van der Waals
forces between the nonclectrolytes and
the hydrocarbon portion of the resin.
The resull ix a partition of the solutes
between the resin liquid and the inter-
stitial liquid. This partition i de-
seribed by the distribution coeflicient,
Ki = C,/C, where C, is the concentra-
tion of the solute in the lquid within the
resin and € is the concentration of the
solute in the liquid outside the rvesin.
The ability to separate given solutes
will depend on differences in K g and will
be sffected by factors which affect K,
such as the nature and concentration of
the solute and the characteristics of the
rexin used.

EXPERIMENTAL

Apparatus. A diagram of the ap-
paratus used for the automatie jon
exclusion-partition chromatography of
acids is shown in Figure 1. The
efffuent from the column enters the
titration ecll.  When an acid emerges,
the pll of the celi solution ix fowered.
The automatie titrator, which is set
to maintain the =olution at o pH of
8.5, senses the change through a
combination glass-reference electrode.
The unbalanee ereated activates a relay
in the automatic titrator which supplies
power o the motor of the titrant syringe
unit.  The svringe delivers titrant (0.1.V
NaOI) to the cell which restores the
solution pH to 8.5 at which point the

Recorder

Motor Driven
Syringe Buret

¢
j)ﬂelipqt

0O

Contro! Unit

Figure 1. Apparotus for outomatic ion exclusion—~partition chromatography of

acids

]
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titrator stops the svringe drive. A po- 033

tentiometer geared to the syringe drive
provides a voltage output proportional
to the syringe displaceent and there-
fore proporuanal to the amount of acid
eluted.  This voltaze i3 recorded us o
function of time resulting in an integral
curve as shown in Fimuoe 2,

The titration assembly consists of a
stand with a magnetie stirrer, a tall,
narrow beaker with a miniative mag-
netie stirting bar, and an electrode
holder with a combination pH eleetrode
(Beckiman No. 301423, The ccll solu-
tion volmue s kept at about 5 ml by
emptying occasionally during the blank
periods between emerging acids in order
{o maintain good sensttivity and prevent
the beaker from overflowing. A hypo-
dermie svringe or vacuum flask is used
for this purpose. A stream of nitro-
gen iz maintained over the solution to
avoid the absorption of CO..

The motor-driven syvringe buret is of
the tvpe deseribed by Lingane (3)
and consists of a 5-r.pan. Bodine syn-
chronous motor geared 10 a threaded rvod
which pushes the syringe plunger.  Also
geared to the motor is & 10-turn Helipot,
A mercury battery-potentiometer com-
bination provides a suitable current so
that the voltape drop derass the Helipot
at full syringe travel will give full-scale
deflection on  the potentiometrie re-
corder. A limit switch is provided for
the protection of the svringe. Titrant
delivery may be varied by changing
pears, syringe size, or titrant. concen-
tration.

A Brown stripchart recorder with a
sensitivity of 2.5 mv. and a pen response
of 41/, seconds full scale is wsed. A
chart, speed of about & to 12 inches per
hour i= satisfactory. '

The titration eontrol unit ie a Beck-
man  Model K Automatic Titrator
{(Beckman Instruments, Inc., Fullerton,
Calif.) without the delivery uniis and
is used without modification. The
motor-driven titrant syringe unit is
connected to the normal delivery unit
socket. A Radiometer TTT-1 Auto-
matic Titrator (Radiometer, Copen-
hagen, Denmark, available from The
London Co., Westlake, Ohio) has alko
heen used but requires an additional
relay since the control output is a d.c.
voltage and the syringe drive motor
requires a.c.

For normal use the ion exclusion
column is a piece of borosilicate glass
tubing 50 cm. long by &mm. o.d. with
a hypodermic needle joint at the end.
A 22-gauge hypodermic needle with
Teflon tubing provides a flexible, low
dead-volume connection to the titration
cell. For applications where large sam-
ple sizes are required, a 100-cm. X
12-mm. column is used. The column
is packed with analytical grade Dowex
50W-X12 ion exchange resin, 200- to
230-mesh, supplied by Bio-Rad Lab-
oratories, Richmond, Calif. It is the
hydrogen form of a sulfonic acid resin.
Other grades than analvtical mav be
used, but mayv require & long period of
washing before a low blank is obtained.
The column s fitlled by navring in an
aqueous slurry of the resin to avoid air
bubbles.

2439
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Cviumn: 50 cm x 8 mm OD
Dowex S)W« Xt2
200-23) Mesh

Fiow Rate: 0.2 ml/min

Sample Size: 0.10 mi, 0.06 meq

Volume of Titrant

Propionic

Acetle

Formie

L 1 f ! 1 1

n-PButyric

033

S . —

. Column:

o-Valeric

Votume of Titrant

[ 10 24 30 10 50 60
Emergence Time, minutes

Figure 2. Automatic ion exclusion—partition chromatogram

of a mixture of common acids

The eluent, ion exchanged distilled-
water, is supplied to the column by a-

large motor-driven syringe of 20- to
100-ml. eapacity. This provides a con-
stant, reproducible fow rate which
muy be varied as vequired by changing
goars and/or the syringe size. Con-
nection is made to the top of the column
with Teflor tubing and a hypolermie
needle which pierces a rubber serum
cap. An alternative method of con-
trolling the eluent flow is by use of air
pressure on & water reservoir bottle.

Yor laborutories which do not have
facilities for building equipment, some
alternatives to the above apparatus wre
commeréially available.  The Radiom-
eter Titrigraph (Radioweter, Copen-
hagen, Denmark, avatlable from The
London Co., Westlake, Ohio) is very
well suited for following the chro-
matographic separation of acids. It esn
be used without modification in the pIl
stat mode of operation and it is only
neeessary  to provide the chromato-
graphic  eolumn  and  cluent  supply
system.

There are & number of motorzdriven
syringes on the market. Some may
possibly be modified for this use, but
the authors are aware of only one which
has an accessory availuble to provide
an eleetrical output proportional to the
svringe displacement. It is the Amineo
AMenizeo-matic Buret (American  In-
steument Co., Silver Spring, Md.).

Choice of Parameters. A study
was made of the various factors
affecting resolution to achieve acenpt-
able separations quickly on a con-
venient cohimn,  Initially, 100- to
200-mesh resin was used ina U-shaped
eolumn 2 meters long by Li-mm. o.d.
At a flow rate of 1 ml. per minute,
acetic acid emerged in about 60
minutes, A\ standavd  mixture  of
formie, acetic, and propionic aeids
wits used (o arrive at optimum column
design and operating conditions.

Oue of the maost significant factars in
improving resohution was the us=e of
finor resins with a narrew particle size

DAZD o ANAILYTICAL CHEMISTRY

90 cm x 8 mm OD
Dowex. 50W-X12
200-230 Mesh

Flow Rate: 0.3 ml/min

Zhrrpe Towel w32y nl, 0088 ey

range. A mesh size of 200 to 230
provided “excellent resolution without
excessive resistance to eluent flow.
This permitted better separations in
less time on much shorter columns.
Shorter columns made it practical to
use straight instead of U-shaped columns
which also helped improve resolution.
Reducing  the eolumn  diameter to
&-mm. o.d. had little effect on resolu-
tion but did reduce the blank resulting
from the slow release of strong acid
from the resin and also deereased the
eluent volume requirements. A flow
rate of about 0.2 ml. per mimite
provided adequate resolution for most
mixtures and gave an emergence timne
of about 35 minutes for acetic acid on 2
50-em. coluinn.

Some comparisons were made of sepa-
rations on resins with different degrees
of ecrosslinkage. Dowex 50W-X12,
with a high degree of cross-linkage,
provided the best resolution of the
weakly ionized organic acids and is
preferred for general wse.  On the other
hand, Dowex 3W-X2, with low cross-
linkaze, provided a greater separation
of highly ionized acids like HCL from
the organic acids and may be useful in
some applications.  For example, a
mixture of formie, acetic, and chloro-
acetie acids ean be resolved into only
two components on Dowex 50W-X12
even by using a very small sample size
and a low flow rate. However, on
Dowex 30W-X2 under the sune con-
ditions, chloroacetic acid emerges faster
resulting in the separation of all three
acids,

Temperature might be experted to
affeet resolution by varving the rate of
equilibration of the solute hetween the
two phases.  However, because of
the fine particle size of the resin and the
low flow rate, only a slight improve-
ment was obzerved in the separation of
formic, acetie, and prepionic acids by
increasing  the column  temperature
front 0~ to 30° C.

Small  sample  volumes and high
concentrations fuvored good resolution

Emerpgence Time minutes

Figure 3. Separation of formic and ccetic acids

as is true for chromatographic methods
_in general.

For the 50-cm. X 8-mnu.
o.d. column described here, sample
volumes less than 0.5 ml. and concen-
trations of about 0.5 to 1.0 megq. per
milliliter are preferred. The sensi-
tivity of the apparatus for normal
operation is about 0.1 meq. for full-
scale recorder deflection.  "This muy he
varied considerably by changing titrant
concentration, syonge size, und/or the
current through the Helipot. Maxi-
mum seasitivity is such that about
0.0002 meq. of acid can be detected.

Procedure. The initial water placed
in the titration cell is titrated anto-
matically to pll 85, The apparatus
is calibrated in milliequivalents pee
millimeter chart deflection by intro-
ducing approximutely 0.1 meq. of
standard HClinto the titration beaker
and titrating it automatically to pH
8.5. An appropriate aliquot of sample
is then introduced directly nto the cell
and titrated awtomatically.  This direet
titration quickly indicates the proper
sample size to uze to obtain near {uli-
scale deflection for the separation, It
alro serves to indicate \\‘hetswr any aeids
have not been recovered in the separa-
tion if the total deflection after zeparu-
tion is less than the direet titration,
or whether there are sults present in the
sample if the total deflection after
separation is grealer than the divect
titration.

After the direet titvation, the column
effluent is directed into the cell. When
a uniforin base line is obtained, the
elunent “flow is stopped and the liquid
level at the top of the column is browgl:
just to the level of the resin bodl
The sample i« placed on the colinvn
with 2 pipet and forced just into the
resin.  Water is added to fll the columa,
the eluent fow ix resumed, and the
separation is recorded.

The chromatozram is caleulated Ly
measuring  the height of each step
betwesn lines estabished parallel to the
Dase line as shown in Figure 3. Results
are then readils obtained for eaeh acild
in number of millicquivalents por wul-




Jiter or us per eent of the total acidity,
A tentative identifiretion ean be muade
v eompari=on of the emergenee tioes
with those of known aeids,

RESULTS

Relative Emergence Data. The
,merzenee tme of un acid is taken

we ihe time 2t which one half of the

st s puseed through the eoluin.
“Ppis time oa function of many
wetor~ such as flow rate, column
jength and temperature, packing, und
e fengidi of time a column has bern
in u-e. - Fherefore, the emeryence of
a neid is expressed as the ratio of
s cmergenee time to that of =ome
reference acid which has been chro-
matographed under the same con-
“ditions, a figure that remains rela-
tively constant,  Acetic acid bas been
* ¢hwsen 1s a convenient reference.
Tabde 1 lists the emergence ratios with
respect to acetie acid for over 50 acids of

“widely differing structure, ranging from

0.57 for very strong acids to 5.85 for
benzohydrosamic acid.  These ratios
“are generally good under a wide vuriely
of conditions;  however, the relstive
" ewergence of awo acids can be altered
" by & change in sample coneentration or
volume sinee the distribution constant
between phases may vary with con-
centration, The data in Table I, ob-
taived with sample sizes of about 0.05
1o 0.1 meq., do not necessarily hoid
“exactly for very dilute solutions.”

An idea as to ihe difference in
cmergence ratios required for the separa-
tion of two acids ean he seen from
Figure 2 which wus obtained with a
50-emy. X 8-mm o.d. column of Dowex
500-X12 and a flow rate of 0.2 ml. per
minute. Formic acid (0.01) is not
completely separated from acetic acid
(1.00) under these conditions, but the
pair can be completely resolved by
using a smaller sample, lowering the
flow rate, and/or increasing the column
length as shown in Figure 3.

No definite corrclations have been
made hetween the emergence times of
acids snd any acid property.  Such
faviors as Jonization constanl, water
_solubility, and - moleeular weight are
important. A ook at Table I leads o
sone generalizations based on a Limited
number of acids with widely varying
structures and functional groups.

Strong acids, which are highly ionized,
come through quickly with the eluent
front. Mineral aeids and sulfonic acids
cnierge first and are not separated from
one unother.
~ Amino acids de not emerge under
conditions used for separating other
_aeids. | However, acids containing both
a0 amino group and a sulfunie acid
group—c.g., sulfamic, eysteic—emerge
with the strong acids.

Emergence Data for Acids Relative to Acefic Acid by lon

Exclusion—Pertition Chromatogrophy

Toble |.
Ratio
Acid acid/acetic
Sulfurie 0.57
Tolienesulfonie 0.57
sulfurous 0.58
S-Sulfosalievlie 0.58
Suifange 0.58
Fivdrochhoric 0.590°
Acetvlenedicarboxylic 0.5
Trichloroacetic ¢.60
Mucie i ©0.60
1.-Cysteic 0.61
Maleie 0.61-0.71
Oxalic 0.62
Plisphaorie . 0.63
Citrie . 0.64
Nitroform 0.67
Ttaconie 0.70
Pyruvic o 0.71
Malonie 0.72
a-Ketobutyric 0.74
. Glyeerie 0.75
Borie 0.75-0.79
a-Netovaleric 0.79
Chranuric 0.80
Dicldoroacetic 0.81
Alercaptosuceinic 0.82
L Buecinie . 0.82
Glycolie 0.82
Lartic 0.84
- Formice 0.91
Adipic 1.0
Fumaric 1.0

Ratio
Acid acid/acetic

Glutaric 1.0
Chloroacetic 1.0
Acetic 1.00
Levulinice 1.0
Nadie 1.0
L-Pyroglutanae 1.13

Methylene-bis-mercapto-

acetic 1.15
Prapionic 1.17
Fetrahydrophthallie 1.21
Acrvlic 1.23
Cuarbonie 1.26
Jsobutyric 1.82

- Butyric 1:45
Mandelic 1.49
Pivalic 1.49
o-Hydroxvbutyrie 1.57

~ Methaeryiice 1,63

Isavaleric 1.66
Tertiary butylacefic 1.67
Crotonie . 1.95
Valerie 2,09
Furoic 209
Cyclohexanecarboxylic 3.26
2,4-Dibydroxybenzoic 3.80
{)—Hydmx_\'benzuic . 4.46
Hydrocinnamic 5.40

‘Benzohydroxamic 5.95

Members of a homologous series, like
the aliphatic monocarboxylie  acids,
emerge in order of increasing molecular
weight, decreasing acid strength, and
deereasing water solubility.

Dibasic acids emerge faster than the

monobasic acids of the same carbon

number; oxalic acid emerges before
acetic, and succinic before butyrie. -
An iso acid emerges before the cor-
responding normal acid; isobutyric
precedes butyric, isovaleric comes be-
fore wvaleric, and methacrylic before
crotonic. -

“A double - bond retards an acid.

Herc is a case where a stronger acid may

emerge later than the weaker acid;
propionic (K 4.87) emerges before
aerylic (pIK 4.26), and butyrie. (pK
4.82) precedes both crotonic (pK 4.70)
and methacrylic (pK 4.66).

A keto group greatly speeds up the
emergence of an acid relative to another
of the same carbon number; a-keto-
valerie acid greatly precedes valeric,
and pyruvie emerges before propionic.

A hydroxy) group seems to have an
unpredictable effect since glycolie acid
emerges faster than acetic, but a-
hydroxybutyric emerges later than
butyrie.

The substituted henzoic acids show
strong retenfion. This may be due to a
matrix effect accentuated by their low
water solubility.
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DISCUSSION

The technique deseribed in this paper
has provéd useful in a. number
of applications other than the straight-
forward analysis of simple mixtures.
Through the use of large columns,
relatively large amounts of sample can
bhe haudled for the isolation of com-
ponents for further identification by
other anualytical techniques or for the
purpose of purification. ‘The materials
may be readily recovered as the free
acids or as the corresponding sodium
salts.  Small amounts of acidic
impurities in nonacidic materials may
be determined by chromatographing «
large amount of sample.

Small amounts of organic acids can
be determined in the presence of a large
excess of strong mineral acids by allow-
ing the strong acids to be by-pasved
fromn the titration cell. Salts may he
determined as the corresponding acids.
Boric acid, which is normally too weak
to titrate, may be determined by
adding mannitol to the titration cell o
form 4 complex which is a stronger acid.
Esters may be determined by analysis
of the saponified material.  Acid
anhydrides such as acetic and propionic
readily hydrolyze on the eolumn in the
presence of the strong acid resin and
muay  be determined without prior
hydrolysis.

The muain limilation of the method is

2441
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hnposed by the requirement of water
soiubility for the sample. The use of
elevated column temperatures might
extend the usefulness of the-t~~hnica to

- some acids which are poorly soluble in

water at room temperature. Presently
under investigation is the use of non-
aqueous and mixed solvents.
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P A method is described for the

separation ond identification of simple
phenols in culomobile exhaust by
paper cond gas liquid chroma-
togrophy. Extended data are given
on fhe separations in Crump’s system

“on Schlsicher and Schuell 2040A and

35 to 40% silica gel~impregnated 966
papers os well as separations on
dimethylformamide-impregnated pa-
persindimethylformamide-hexane. The
results of analysis of several samples
by paper and gas liquid chroma-
tography are presented.

}:i"rmm.w;\l (5} has shown that phenols
A 3 comprise a significant portion of
the compounds found in automobile
exhaust. Sianky et al. (8) and Swmith
(7) al:o have shown the presence of
phenols in automobile exhaust. Be-
caitse paper chromatographic methods
have been used to identify phenols in
many tyhes oi anixtuces, it wus cone
sidered worth while to attempt & study
of phenols in automobile exhaust by this
procedure.  Of the various procedures
tried, the most satisfactory was that of
Crump (2), which uses the o¢- and
p-nitro azo derivatives of phenols for
paper . chromatagraphy.  This  study
was complemented by cas chromatog-
raphy of the pure phenols,

EXPERIMENTAL

Apparatus. Spectrophotometric
measurements were made on o Cury
Model 14 manufactured by Apphed
Physies Corp. Gas chromatographic
anulyzes were made with a Perkin-
Elmer Model 500 cquipped with a

2442 o ANALYRICAL CHEMISTRY

differential hydrogen flame detector.
Columns were made of stainless steel.

Reagents. Chemicals used, except
where otherwise noted, were reagent
grade. Phenols were freshly distilled
or recrystallized. . Known o-nitro-
aniline derivatives were prepared ac-
cording to Crump (2). Schleicher aud
Schuell paper 2040 A ¢l. and Schleicher
and Schuell 35 to 409 siliea gel-iin-
pregnated 066 were used for the paper
chromatograms,

Procedure. Crump’s system (2) of
benzene-cyelohexane-dipropylene gly-
eol (iu the ratio of 30:70:3, v./v.) with
papers impregnated with 2097 form-
amide was used for separating phenols
in which the 4 position is unsubstituted,
Phenols in which the 4 position is
substituted were separated on papers
impregnated with 759, acetone-239
N, ¥-dimethylformamide (2) in the
system N, N-dimethylformamicde-
hexane (/) in the ratio 20:80 v./v.

Determination of R, Values. Solu-
tions of pure o-nitrophenylazo dyes
of approximately ! me. per ml. were
chromatographed at 20° C. by the
procedure of ascending chromatography
(3, 4). Thespots were visible and could
be detected very casily with -a white
light. Some R, values have been re-
corded by Crump (2) for a limited
number of e-nitcophenylazo dyes in
benzene -evclohexane~dipropylene glycol
on Whatnan No. 1 paper. ‘Lable I
records results fur additional compounds
and also presents values obtained for
dyes in N, N-dimethylformamide-hex-
ane.

Preparation of Automobile Exhaust
Saruples. Samples of vaw automobile
exhaust rangine from 3 to 5 cu. meters
in volume were collected from an
automobile mounted on a  ehassis
dynamometer and operated undet
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re, Cincinnati, Ohio

simulated driving conditions. The
saomples were collected in four Green-
burg-Smith pas-type lmpingers con-
nected in series. Three of the im-
pingers contuined 250 ml. of 0.1\
to 1.0.V sodium hydroxide solution at
ice-water temperature; the fourth was
a cold trap. The free phenols were
released from the three Iapingers by
adding hydrochloric acid to the sodium
hydroxide solution until the solution
was acidic.  The solution in each im-
pinger was extracted with two 100-ml.
portions of chloroform. The fourth
impinger was washed with 50 ml. of
chloroform.  From 30 to 70 ml. of the
chloroform  extract  from  each  of
the three impingers were conihined
and reacted with 25 ml. of 0.0105./
diazotized e-nitroaniline. Mter
thorough  shaking, the mixture was
allowed to stand for 2 minutes and was
made aikaline by the addition of 25 ml.
of sodium carbonate (207 by weicht)
(2). After acidification with dilute
hydrochloric ncid, the azo dyes were
extracted with ether until all color was
removed from the aqueons aolution.
The ethereal chloroform phase was dried
over anhydrous magnesium sulfate and
evaporated to dryness with s cool
streamn of air. The azo dye extract
was  dissolved in chloroform  and
made to » specific volume. A blank wos
prepared in the same manner as the
sample.  Chromatography was con-
ducted as described above.

When the sacuples were collected in
cold 1.0V sodium hydroxide solution,
two impingers in series eollonted over
089 of the phenols with 039, in the
first impinger.  With 0.1V  sodium
hydroxide sohition 959% of the phenols
were collected in the two impingers with
approximately {we thirds in the firse
impicoer.
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We,  Joux Gwyxant Evans, of
Hexagon House, Blackley, Munchester, a
Briti=h Subject, aud Ispkrra CHEMICAL
Innvstries LamiTen,  of Tinperial
Chemiewl  House, Millhauk. London,
SW.1, a Company incorporaied under
the laws of Gireat Britain do hereby
declare the nature of this invention to he
as follows : —

Sulphonated oils, e.e. Turkey red oil.
sulphannted oleie aud ricinoleie acids and
various derivatives thereof, soaps, sul-
phuric and other acid esiers of higher
fatty aleohols, and many other compounds
instance, olevl-taurine,  oleyl-ice-
thivnir acid, which can be deseribed in
general terms as having molecnles which
eonlain a fafty radical and o water-
‘olubilising group together ecuapable of
oming an anion, and somewhot similar
compounds ohtained hy sulphonating and
alkylating  naphthalene  or  suitable
petrolenm hy(]mr-nrhmm, all  possess
properties  wlhich make them in varving
dearee adapted for use as detergent agents.
That i to say, their aqueous solutions can
e used with advantage aver plain water
for washing purposes.

We have found that the properties of
agueous solutions coutaining a detergent
as above deseribed are advantageously
Mproved when there is present in the said
aqneous  solutions sulphamic acid, or
mino-disulphonic  acid or alky!- or aryl

4 % sulphamic acids or the salts of these acids,

Such as the ammonium,  sodium or
Potossium salts. For present purposes these
Wil he known as sulphamic acid deriva-
liveg,

Accordingly the invention comprises

e production of aqueous solulions of
Qetergents and sulphamic acid  deriva-
Ives as defined, The reagents may be
added to the water or aqueous solution of
other ingredients either simultancously or
Successively. nnd it is a further feature of
he invention to provide solid or pasty
Compositions adapted to give the said
agueous solutions by dissolving the same
In water, .

The aqueous solutions of the invention
&re intended to be used as baths for treat-

[Price 1/-]

lfR()VISI()N)\l: SPECIFICATION , :
Improved Aqueous Solutigns of Detergent Agents and Compogit‘('ong
comprising the same

PATENT SPECIFICATION

Application Date: April 23, 1937. No. 11747 /37.
Complete Specification Left: April 25, 1938.
Complete Speglfication Accepted: Nov. 23, 1938,

ing textiles,

It has been found that the speed with
which detergents will dissolve in water is
mereased if there is present a sulphamic
aciid derivative.  [1 lhas heen found that
the solubility is increased. It Las been
found that the surtace active substances
tend not to be preeipitated hy alkaline
carth and heavy metals when sulphamie
acid derivatives are present.

The invention is of particular interest
in counexion with washing  operations.
Common soups, as is well known, give pre-
cipitates, insoluble lime and nagnesia
soaps, in hard water.  Even in dilute
solutions sticky precipitates are formed.
These precipitates adhere tenaciously to
any {extile material undergoing treatnient.
An adherent precipitate is  alse formed
when hard  water is used for rinsing
laundered goods, in which rinsing process
the earlier cleansing liquor is intended tn
be removed. When these precipitutes re-
main in textile fibres, e.g. loose wool, or
in laundered ganments or other articles
they adversely affect the handle and colour
of the goods.  Besides those washing

operations for removing dirt from raw.

fibres or sullied goods, soaping treatments
are given in the processing of dved and
printed gools in order to produce the most
satisfactory shade and fastne<s properties.
We refer, for instance, to the development
or_aftertreatment of dyeings of the so-
called uzoic colours. Before soaping the
dycing is usnally of poor fastness to rub-
bing, chlorine and to light, and a soaping
treatment is given to bring about an
improvement in these properties. More-
over the first soaping treatment after
coupling, if suitably carried out, alters
the shade of the dyed material, in some
cases considerably, whereas further soap-
ing treatments have little or no effect.
Consequently, in these cases, a soaping
treatment Is necessary if there is to be
produced an article which can sub-

496,209
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sequently be described as fast to washing. 100

~Now if in these other soaping treatments
the watex_used is hard and insoluble
metallic soaps are formed on the dyed
material they not only adversely affect the
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finish but also diminish.the fastness of the :

dyeing in various ways. If-.the azoic
colours have been dyed om compact
material, in the forin of cops, there may
have been irregular precipitation of lime
soaps. Similar disadvantages of using
soap and the given hard water together

arise in the treatment of dyeings of vat

dyestuffs.

Morcover, in the treatment of printed
fabries it is customary to give the materials
a wash in a hot soap liquer to remove the
thickening chemicals used in the applica-
tion of the dyestuff, 1o remove surface
colour and develop the final shade with
full fastness properiies. There ugain the
deposition of Jime soaps {row hard water
is an disadvantage. In addition there are
often used in printing pastes ingredients
which give alkaline earth or heavy metal

“ jons and therc form similarly objection-
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able 1nsoluble metallic soaps.

By the present invention the above dis-
advanlages ot the use of seap together
with  hard water are overcome or
diminished, Thus, the sulphamie .acid
derivatives are added to the seaping hath
before or after the addition of the soap
or they may be used in the rinsing Hguors
applied after the soaping operation,

"he invention is  illustrated but not
lHimited by the following  examples in
which the parls are by weight, exeept in
Exumple 5.

Exanrre 1.

To 1000 parts of water, 10 parts of the
sodivin salt of lauryl-8-sulpho-4-methoxy-
aniline is added. The substance does nof
dissolve, 7.5 parts of minmonium imino-
disulphonate ave added. A clear solulion
is ohtained.

Alternatively, 10 parts of the sodium
salt of lauryl-3-sulpho-d-methoxy aniline
and 7.5 parts of ammonium iminodisul-
phonate are mixed to give a dry powder,
the whole of which dissolves smoothly and
rapidly in 1000 parts of water. A clew
solution of excellent detergent properties
1s thus oltained.

Exavrre 2.

10 parts of sodium salt of acid sulphuric

ester of technical olein aleohol are dis-

solved in 1000 parts of waler of 14° hardy

ness (Clarke’s Seale) at 60° ¢, The solu-
tion is not quite ¢lear and separation takes
place on cooling. To the solution 1 part

COMPLE M SPECTFICATION

Improved Aqueous Solutions of Detergent Agents and Compositidns
’ comprising the same

We, Jouxy OGwyxaxt FEvaxs, of
Hexazon House, Blackley. Manchester, a
British Subject, and IMPERIAL CHEMICAL

‘if cooled to room temperature is lable to

—

of ammonium sulphamate is added.- A
comparatively clear solution 1s obtained
and there is much less separation op"
cooling. P '

. 8 Exampre 3.7 f". A \U’

10 parts of textile soap flukes are addeq
to 1000 parts-of hot water. This solution,

form a jelly, and hence be difficult tog
utnp or feed by gravity through pipe
ines. o the solution while still warm 1
part of ammonium sulphamate is added,
When this solution is cooled it remains

fluid. IR =

A similar solution can of coursa be made
from a prepared mixture of soap and
ammonium sulphamate in the proportions
of 10 parts of soap to 1 part of ammonium
sulphamate or thereabouts. TR

FExamere 4.

When scouring raw loose wool in water
of 10° hardness in a four bowl machine,
with a solution of sodium carboenate “in

the first bowl, sodium carbonate and soap &i

in the =econd bowl, and soap alone in the
third bewl, there is added to the fourlh
bowl, ihe so-called rinsing bowl sodium

sulphamate at the rate of 2 parts per 1000 {
After passage through g

parts of liguor.
these DLaths the wool is in a clean open
condition free from deposited insoluble
soaps.

Exasvere 5.

A load of 30 blankets is washed in a ¢

rotary michine as used in luundries using
a mixture of

18 ozs. soap

G ozs. sodium sesquicarbonate

2 ozs. sodium sulphamate in 80 gallous ¥}

water of 12° hardness
for 10 minuntes at 100—110° F. After
Tunning off the liquor, a second wash is
given with '
? ozs. soap I

» a
o ol SR e e e

i, !

2 ozs, sodium sulphamate in 80 gallons
of water of 12° bardness
for 10 minutes at 100—110°
rinses with water of 12° :
100° T,
The blankets are in a clean condition,
free from deposited lime soaps and have
an attractive handle and colour.

Dated the 23rd day of April, 1937.

E. C. G. CLARKE, 1

Solicitor for the Applicants,

Inprstees  Lasaren,  of  Imperial
Chvlmoal House, Millbank, London,
S.W.1, a Company incorporated under I

AIRSC O AT

¢ ) F. The E“:t
liquor is run off and the load given two ¥
hardness at lii‘
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the laws of (reat Britain, do hereby
declare the nature of this invention and
in what manner the saige is to be per-
formed, to be particularly described and
ascertained in and hy the following state-
ntent 1 — :

This invention relates 1o improved
aqueous solutions of detergents, to com-
positions comprising the same, and parti-
cularly to such solutions and composnions
which have been improved by the addi-
tion (hereta of one or more salix of
sulphamic acid or sults of a sulphamie.
acid derivative,

The defergents to which this invention
relates are defined as water soluble com-
pounds having molecules whieh contain a
fatty radical and, a water-solubilizing
group together capable of forming an
anion. There way he especially men-
tioned, as detergents, sulphonated oils,
e.r. Turkey Red Oil, sulphonated oleic
and ricinoleic arids and various deriva-
tives thercof, soaps, sulphuric and other
aeid exters of higher fatty aleohols, such
as compounds ol the geperal formula
R—-(10--X—R'*—8&0.TT wherein X is O or
N1, R i u hydroearbon  radieal e,
alkylene or pheuylene or substituted
phenylene and R is a futty hydrocarbon
radical. These componuids all possess pro-
pertiex which make them in varying degree
adapied for use as detergent agents for
treating textiles,
1t is known that salts of the sulphamie
arids. obtained from the amines or car-
boxslic amides conlaining one or more
open  chain or  cycloaliphatic  radicals
having at least 8 carbon atoms connected
with a nitrogen atom, or substitution pro-
ducts thereof, in conjunction with other
deteraent,  wetting  and  emulsifying
arrents, may he employed with advantage
as assistants in the {extile, leather and re-
lated industries.

It is wlso known to use, o inecrease the
cupillury-active properties’ of aqueous
solutions or emulsions, mixtures of water-
soluble salts of phosphoric acids of lower
water content. than orthophosphorie acid,
water-soluble salts of aromatic-sulphonic
acids, togelher with at least onc salt of
a substituted or unsubstituted aliphatic
or cveloaliphatic sulphamic acid contain-
ing at least six carhon atoms,

We have found that the properties of
aqueons solutions containing o detergent
as above defined are advantageously
improved when there are present in the
said aqueous solution one or more salts of
_sulpbamie acid, or of iminodisulphonic
acifl. or of a sulphamic acid of the general
formula : '

R
SN—SOH
R!

wherein I* may be hydrogen and R' or 68
both R and R may be alkyl radicals
with not more than 4 carbon atoms, or
whercin R! is hydrogen and R is an aryl
nucleus, which may be substituted only
by an alkyl radieal with not more thun 3 70
cathon atoms, e.g. methylsulphamic acid,
dicthyizulphamic acid, phenylsulphamic
arid or o- or p-tolylsulphamic acid. As
suitable aults there may be used, for ex-
ample, the ammonium, sodium or potas- b
sium salts,  For present purposes these
salts will be known as sulphamic acid
derivatives, '

Aecordingly  the invention comprises
the production of afqueous solulions of 80
deterzents and sulphamic acid derivatives
as defined. The reagents may be added to
the water or aqueous solution ot other in-
gredients either simulianeously or succes-
sivelv, and it is o further feature of the 86
invention to provide solid or pasty com-
positinns adapted to give the said aqueous
solutions hy dissolving the same in water,

The aqueous solutions of the invention
are intended to he used as baths for treat- 80
ing textiles,

It has been found that the speed with
whicl Jetergents will dissolve in water is
increased if there is present a sulphamie
acid derivative. T{ has been found that 99
{he solubility is increased. It has Leen
found that the surface active substances
tend not to he precipitated by alkaline
earth and heavy metals when sulphamic
acid derivatives are present. 100

The invention is of particular interest
in the prevention of the gelling of soap
solutions. Soap solutions, except such as
are of very low roncentration. gel on

keeping wunless they are stored at an 106-

elevated temperature, This limits the
wavs in which soap solutions may be
emploved or necessitates the use of special
devices in order to avoid difficulties mn.the
technical manipulation of the solutions. - 110
For cxample, in laundry washing
practice it is commouly desired to main-
tain a stock solution of soap for use in the
various washing operations. Convenient
strengths for such stock solutions (con- 115
taining, for example, up to 10% of soap)
are such that at ordinary temperatures
they gel badly. To avoid gelation and to
retain the solution in a form fit for use,
it must be kept hot. This in itself is not 120
convepnient and also is  frequently the
eanse of further difficulty. For instance,
when tliw" hieating is done by blowing
gteamm directly into the solution, the

volume of liguid and hence the concentra- 125

035
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tion of the solulion, varies with the amount
of steam used, so that there arise possi-
bilities of error in the amount of soap used
for any particular operation. Further-
more, 11 ordinary practice the stock solu-
tions of soup ave frequently to be con-
veyed from the place of storage to {he
place where they are actually wused
through pipe lines and in some cuses the
rate of addition of the soap solution to a
washing machine may be coutrolled by
delicate automatic feed devices. If stop-
pages oceur in the pipe lines due to
gelling of the soap solution, not only is
there delay Lut there may also he tisk of
damage to the feed devices. Foft this
reason also the stock soap solutions must
ordinarily be kept hot.

Tn some ecases it is net practicable to
keep a sonp solution hot and in sueh cir-
cunwmstances it is usual to employ special
soaps or soap substitutes or to add other
substances to the soup solutions, for ex-
ample, aleohol, in order o avaid gelling
difficultics.  Where such additions ave
made, the proportion of the substances re-
quired to_he added is relatively high.

These dillicultios are avolded if there is
added to the soap solution a small pro-
portion of a sulphamie acid derivative as
defined whove; the necessity for using
special ~onps, for adding aleohol to the
solution or for keeping the solution ot
is thereby avoided, since even compara-
tively concentrated soap xolutions which
eontain a snudl proportion of a sulphamic
acid derivative do not gel on storage at
room temperalure.

The invention is also of interest in con-
nection with washing operations in which
trouble is experienced by reason of the
formation of insoluble lme soaps.
Commuaon soaps. as3s well known, give pre-
eipitates, insoluble lime aund mugnesia
soaps, in hard water. Bven in dilute solu-
tions sticky precipitates are formed. Theze
precipitates adhere lenaciously to any
textile wmaterial undergoing  freatment.
An adherent precipitate is also formed
when bard wuter is wsed for rinsing
laundered goods, in which rinsine process
the earlier eleausing liquor is intended 1o
be removed. When these precipitales re-
main in textile fibres, c.g, lonse wool, or
in laundered garments or other articles
they adversely affect the handle and colour
of “the goods. “Besides those washing
operations for removing dirt from raw
fibres or sullied goods, soaping treatments
are given in the processing of dyed and
printed goods in order to produce the most
salisfactory shade and fastness properties.
We refer for instance, to the development
or aftertreatment of dyeings of tlle 20=
called azoic colours. Before soaping the

.

dyeing is usually of poor fastness to rub-
bing, chlorine and to light, and a roaping
treatment iz given to bring about an
improvement in these propertics. More-
over the first soaping treatment after
coupling, if suitably carried out, alters
the shade of the dyed maleriul, in some
cases considerably, whereas further soap-

ing treatments have little or no effect.

Consequently, in these cases, a soaping
treatnient is necessary if there is to be pro-
duced an article which can subsequently
he deseribed as fast to washing,

Now if in these oller soaping treat-
ments the water nsed is hard and insoluble
metallic sonps are formed on the dyed
material 1hey not only ddversely affect the
finish but also diminish the fastness of the
dyveing in various ways. If the -azoic
calours have heen dyed on compact
material, in the form eof cops, there may
havo been irregular precipitation of lime
soaps. Similar disadvanfages of using soap
and the given hard water {ogether arise
in thetreatment of dyeingsof vat dyestuffs.

Moreover, in the treatnient of prinfed
fabrics it is customary {o give the
materials a wash in u hot svap lquor to
remove the thickening chemiculs wsed in
the application of the dyestuft, to remove
surface colour and dévelop the finul shade
with full fasiness properties. There
again the deposition of lime soaps from
hard water i3 a disadvantage. In addi-
tion there are often used in printing pastes
ingredients which give alkaline earth.or
hieavy wetal fons anid there form similarly
objectionable insoluble metallie soups,

By the present invertion the above dis-

advantages of the use of soap together
with  hard waler are overcome or
diminished.  Thus, the sulphomic acid

derivatives are added to the soaping hath
hefore or after the alddition of the soap or
thev may be uwsed in the rinsing liquors
applied after the soaping operation,

Tlie invention is iNustrated but not
limited by the following examples in
which the parts are by weight, escept in
Fxample H.

Examrerr 1.

To 1000 parts of water, 10 parts of the
soddum salt of lauroyl-3-sulpho-4-mefhoxy-
aniline is added. The substance does not
dissolve, 7.5 parts of ammonium iminoe-
disu]plmn:t- are added. A ¢lear solution
is ohtained.

Alternatively, 10 parts of the sodiumn

Tt of lauroyl-3-sulpho-4-methoxy aniline

and 7.5 parts of ammmonium iminodisul-
phonate are mixed to give o dry powder.
the whole of which dissolves smoothly and
rapidly in 1000 parts of water, A clear
solution of excellent detergent properties
is thus obtained.
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' Examrws 2. '
10 party of sodium salt of the aced sul-
phuric ester of technical olein aleohol are
dissolved in 1000 parts of water of J4°

; L5 hardness (Clarke’s Scale) at 645 C. The

¢

10 and tlere is mueh’

15 if coole

solution is not quite-clear and separation
takes place on cooling. To the solution 1
part of ammoniuy sulphaniate 15 udded, A
comparatively clear solution is obtained
less sclglrntinn' on
cooling.
Fxasrrny 3.
10 parts of lextile soap flukes are awdded
to 1000 parts of hot water, ‘T'his solulion,
; to room temperature ts liable {o
form a jelly, ond hence he difficult to
pump or feed Ly gravity through the pipe
fines, To the solution while still warnt 1
part of wmwionium sulphamate is added.

20 When this solution is coeled it remains

26 of 10 parts of soa

fwid.

A similar solation can of course.he made
from a prepared mixture of soap wnd
ammonium sulphamate in the proportions
to 1 part of ammonium
sulphamele or thereabouts.

LExamrir 4.

When scouring raw Joose weool in water

of 10° hardness in s four howl machine,

80 with u solution of sodinm ecarbonate in.

the first bowl, sodium carbonate and snap
in the second lLowl, and soap alone in the
third bowl, there 15 added to the fourth
bowl, the so-called rinsing bowl sodium

35 sulphamate at the rate of 2 parts per 1000

parts of liquor. After passage through
these baths the wool is 1n a clean open
condition free from deposited insoluble
soapa.

EsaurLe 5.

A load of 30 blankets is washed in a
rotary muchine as used in laundries using
a mixture of

18 ozs. soap

i ozs. sodium sesquicarhonate
. sodium sulpliamate in 80 gallons
water of 12° hardness
for 100 minutes at 100—110° F. After
rununing off the liquor, a second wash is
given with

12 ozs. soap .

2 ozs. sodium sulphamate in 80 gallons

of water of 12° hardness
for 10 minutes at 100—110° F. The
liquor is run off and the load given two
rinses with wualer of 12° hardness at
100° ¥, :

The blankets are in a elcan condition.
free from deposited lime soaps and have
an attractive handle and colour.

Having now particulurly described and
ascerfained the nature of our said inven-
tion "and in what wanner the same is to
be performed, we declare that what we
claim is:—

1. An aqueous solution containing a
detergent as hercinbefore defined and a
sulphamic arid derivative as hercinbefore
defined.

2. A solid or pasty composition capable
of being dissolved in water to yield a
solution claimed in Claim 2.

3. Detergent compositions substantially
as described with reference to each of the
foregoing Iixamples.

Dated the 25th day of April, 1938.

B, C. G. CLARKE,
Solicitor for the Applicants,

.Leamington 8pa: Printed for His Majesty’s Stationery Office, by the Courier Press.—1938.
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The significance of the R, value in paper

Ty

chromatography of ammonia derivatives

of sulfuric acid

by
Gottfried Kempe

From: Institute of Inorganic Chemistry of the Technical College of
Chemistry, Leuna-Merseburg.

Sent in: Dec. 2, 1960.

Martin (4), Bate-Smith and Westall (1), Reichl (5) and Schauer
and Bulirsch (6) have demonstrated the possibility of establishing
‘relationships between the Ry value and molecular structure. They
started out from the principle that for processes of distribution
in a state of equilibrium the change of the chemical potential is
equal to zero and that the maximum work A for the conversion of one
mol of the compound from one phase into another is made up roughly
additively of components of the individual groups of the molecule.

The Ry value introduced by Bate—Smith‘and Westall (1) plays

an important role and has the following connection with maximum work

A = kRy - kP.
The Ry value, like the maximum work, is precisely'made up

additively of so-called group constants,

RM = mGM + nGN + ...Z,
in which the values m, n etc. give the frequencies of the groups M, N

etc. in the molecule. The basic constant Z contains the paper constant
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P and the constant for the remaining molecular remnant after
subtraction of the individual groups. According to Bate-Smith
and Westall (1) the following.relation exists between the Ry and
the Rg¢ value |
Ry = log (il- 1).
Re

In the following we will use the Ry value defined by Reichl
(5), which can be obtained from the above by multiplication by -1,
which eliminates the discrepancy of high Rg values corresponding

to negative Ry values and conversely:

RM=lOg (‘?Lﬁ)
-R¢’ .

Application to ammonia derivatives of sulfuric acid

The partially successful application of the Ry value to
the calculation of Rf values from the molecular structure in
homologous series of organic compounds by the above-mentioned
authors led us to carry out similar studies on the ammonia
derivatives of sulfuric acid.

These compounds can be well separated by the ascending method
on Schleicher and Schiill paper no. 2043a with a vehicle cbnsisting
of 68.5 ml dioxane, 31.4 ml water, 0.1 ml concentrated NHj
solution.

Dethls of the development of the chromatograms have been
reported elsewhere (2).

The substances applied as ammonium salts have the following Rg¢

values at 20°C and a running time of ca. 16 hours.



Sulfate

Trisulfimide

Sulfamide disulfonate
Sulfamide monosulfonate
Imidodisulfonate
Amidosulfonate
Imidodisulfamide

Sul famide

These sulfur (V])-nitrogen compounds, with the exception of

the ring-shaped trisulfimide, can be regarded as members of three

-3-

H2S0,

(HNSO5) 3

SO (NH-SO3H) 2
HyN-S02~-NH-S03H
HN (SO3H) 5
HpN-SO3H

HN (SO2-NHjy) 2

S09 (NHp) 2

0.54
0.66
0.78
0.91

038

homologous series, of which the two first representatives are known:

A. Series of diamides H(HN-SO,),NHj

n = 1 sulfamide; n = 2 imidodisulfamide

B. Series of amido monosulfonic acids H(HN-S0,),OH
n = 1 amidosulfonic acid; n = 2 sulfamide monosulfonic acid.
C. Series of disulfonic acids HO3S (HN-S05,) nOH

n = 1 imidodisulfonic acid; n = 2 sulfamide disulfonic acid.

These series only differ from one another by the groups with which

the -HN-SO, chains are saturated.
ammonia (A), water (B) and sulfuric acid (C).

the homologous series differs from the previous one by the

-HN-SO5 group.

The chromatographic behavior of the compounds considered

here allow the following qualitative conclusions to be drawn:

These are the components of

Every member of
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1. In a homologous series the next higher compound always
has a lower Ry value than the previous one.

2; Corresponding members (the same n) of the three homo-
logous series always travel so that phe diamide has the highest
and the disulfonic acid the lowest Rg¢ value, while monosulfonic
acid lies bétweenlthe two. This is in accord with the fact
that the sulfonic acid remnant is more hydrophile than the NH,
group. The more sulfonic acid groups are éontained in a compound,
the more it tends to a stationary aqueous phase and the smaller its
R¢ value.

What qualitative relationships are there between the chemical
constitution and the R¢ values of the ammonié derivatives of
sulfuric acid? As can be seen from Table 1, the Ry values of
successive members of the three homologous series differ by the
same amount.

This zﬁRM of -0.47 must be regarded as the constant G for
the.Sulfimidogroup ~HN-S05-. Since the members of all three series
differ from one another by this group, starting out from any
desired compound it_is possible to detefmine the Ry and thus the
Rf values of all other cémpounds of the series in question.

However, it is not possible to make a complete calculation
of the Rg values from the molecular components, since for the
constants of the four groups -OH, -H, -NH, and -SO3H (which,
together with the -NH-S0, group, make ﬁp the individual molecules),
and for the unknown basic constant % only four independent equations

can be written.
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It is to some exteht possible, however, to determine differential
amounts [)RM of the individual group constants and thus to
produce relations between the corresponding members of various
homologous series.

For instance the Ry values of the three compounds sulfamide,
aminosulfonic acid and imidosulfonic acid are made up of the

following quantities:

Sulfamide: ' Ry (A) =G (-NH-503~) +G (-H) +G (-NH) +2
Amidosulfonic acids: RM(B)=G(—HN-SOZ—)+G(—H)+G(—OH)+Z

Imidodisulfonic acid: Ry (C)=G (-NH~SO02-)+G (-DO3H)+G (-OH)+2
By subtraction we get

Ry (AB) =Ry (B) =G (~NH;) -G (~OH)

Ry (BC) =Ry (B) -Ry (C) =G (~H) -G (~SO 3H)

These differential quantities must be added or subtracted
in order to obtain the Ry values of the corresponding compounds
of the two other homologous series, starting out from a random
sulfur (VI)-nitrogen compound.

The following numerical values apply:

1. If the -NH-SO, member is added to a homologous series,
The Ry value changes by -0.47. |

2. Corresponding members (same n) of the homologous series
A and B differ by the replacement of the OH group by the NHj

group. A ARy of 0.74 corresponds to this difference.
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Replacement of -NH, by -OH = ~-0.74
Replacement of -OH by -NH, = 0.74.

3. Corresponding members (same n) of the homologous series
B and C differ by the replacement of the H atom by the SO3H group.

This is manifested by a ARy of 0.21.

Replacement of ~H by -S03H 0.21

Replacement of -SO3H by -H = +0.21

The absence of the possibility to determine the basic
constant, however, makes it necessary, when determining the Ry
value, to start out from a firm reference value, for which the
Ry value of amidosulfonic acid is appropriate, since this compound
is the most readily accessible.

Table 2 shows the Rg values measured on 10 chromatrograms
compared with those calculated according to the principle described
here.

The calculation of the Rf values is of importance in so far
that by this means it is possible to avoid the associated travel
of other test substances (other than amidosulfonic acid) which
are difficult of access. It is furthermore possible by this
means to identify hitherto unknown substances in a mixture of
substances. This method has its limits, however, as will be
shown below.

¥ig. 1 gives a graphic picture, on the one hand, of the
calculated Pk values * of the first four to six members of each

of the three homologous series, and on the other, the Px values
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measured on the chromatogram of a reaction product of unknown

composition.

*

In this figure Pg values were used which had been shown by
experience to be more readily reproducible. They have the
following connection with the Rg values:

p; = Rf of the'compound'; 100
= R¢ of amidosulfonic acid.

It is apparent from the figure that by superposition of
the three homologous series the more highly condensed ammonia
derivatives of sulfuric acid are so strongly pressed together
in the lowest part of the chromatogram that often there is no
longer separation into individual spots. But even if this is
the case, the difficulty of identification remains, which can no
longer take place simply on the basis of the Rf, as can be seen
from the diagram. However, there is some success in that a
hitherto unknown compound in the conversion products of S0;Cl,
or S,05Cl; with NHj3, concerning which a report has already been
published elsewhere (3), can be identified with a strong degree
of probability on the basis of its calculated Rg value. This is
the diimidodisulfamide, SOZ(NH~SOZ—NH2)2, the next higher homolog
of imidodisulfamide. This substance can be expected in both
conversion products in notable quantities according to the pre-
sumed course of the reaction. The qut‘of substance lay directly
beneath that of imidodisulfonate (see also Fig. 1). The devia-
tions of the R¢ values found from the calculated value were 0.01
at the most. Since this compound could not so far be visualized

~ or isolated, proof ot its identity still remains to be furnished.

038
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It is also pointed out that calculation of the Rg value for
ammonia derivatives of sulfuric acid is not possible for any
random vehicle, since the Rg¢ values of some compounds are strongly
dependent upon the NH; content of the elution phase, while others
are not. The reason for this is probably that the chemical
nature of individual molecular groups, for example the NH group,

differs in the compounds considered here.

Summary

Starting out from the Ry value of amidosulfonic acid it is
possible to calculate the Rg values of all other chain-condensed
ammonia derivatives of snlfuric acid. In the case of di-
imidodisulfemicde the substance could be identified with a strong
degree of probability with the aid of the calculated Rf value,
but in the case of longer chains the procedure is rendered
virtually impossible due to the strong accumulation of compounds

in the lower part of the chromatogram.

Tables

1. Grow constant fﬁRM for -S0-NH- as the difference in the
Ry values of successive members of homologous series. Key: 1.
Compound.

2. Differences between measured and calculated Rg values
from 10 experiments. Xey: 1. calculated. 2. measured.

Figure

1. cCalculated and found Pg values of sulfur (VI)-nitrogen
compounds. A. measured Pg values: X known compounds; %ﬂ unknown
compounds; (& diimidodisulfamide. B. Calculated Pgx values: o di-

amides; ¢ monosulfonic acids; a disulfonic acids. Key: 1.Pg value.
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Aus dem Institut fiir Anorganische Chemie der Technischen Hochschule fiir Chemie
Leuna-Merseburg

Die Bedeutung des RM-Weftes
fiir die Papierchromatographie der Ammoniakderivate
- der Schwefelsiure

. Von
GOTTFRIED KEMPE

Mit 1 Textabbildung
{Eingegangen am 2. Dezember 1960)

In ihren Arbeiten haben MarTIN{, BATE-SMITH u. WESTALL},
REICHL? sowie ScHAUER u. Burirscn® Méglichkeiten aufgezeigt, Be-
zichungen zwischen dem Ry-Wert und der Molekilstruktur herzustellen.
Sie gehen dabei von der Uborlegung aus, daB fiir Verteilungsprozesse
im Gleichgewichtszustand die Anderung des chemischen Potentials
gleich Null ist, und dall die maximale Arbeit 4 fiir die Uberfiihrung
eines Mols der Verbindung von der einen Phase in die andere sich
niherungsweise additiv aus Anteilen fiir die einzelnen Gruppen des
Molekiils zusammensetzt.

. Dabéi spielt der von BATE-SMrrH u. WESTALL? eingefithrte R;,-Wert
eine bedeutende Rolle, der mit der maxxmalen Arbcxt in folgendem
Zusammenbang steht:

A="FkRy —kP.

Der Rj-Wert setzt sich genau wie die maximale Arbeit additiv aus
sogenannten Gruppenkonstanten zusammen,

Ru=mGM+nGN+...
wobei die Zahlen m, n usw. die Haufigkeiten der Gruppen M, N usw.
im Molekiil angeben. Die Grundkonstante Z beinhaltet die Papier-
konstante P sowie die Konstante fiir den verbleibenden Molekiilrest
nach Abzug der einzelnen Gruppen. Zwischen dem Rjy- und Re-Wert
besteht nach BaTe-SmitH u. WEsTALL! die Beziehung

Ry = log (—l——— 1).
Im folgenden soll jedoch der von REicHL® definierte Ry-Wert verwendet
werden, der aus dem obigen durch Multiplikation mit —1 hervorgeht,

wodurch die Diskrepanz beseitigt wird, daf3 groBie Ry-Werte negativen
R ;,,-Wcrten entsprechen und umgekehrt:

R,
RM = log (‘i“_‘l—Rt) .

10 GorrrrIED KEMPE Bd. 180

Anwendung auf die Ammoniakderivate der Schwefelsiure

Die teilweise erfolgreiche Anwendung des Ryy-Wertes zur Berechnung
voh Re-Werten aus der Molckiilstruktur bei homologen Reihen orga-
pischer Verbindungen durch obengenannte Autoren war Anlall dazu,
auch fiir die Ammoniakderivate der Schwefelsiure derartige Unter-
suchungen durchzufithren.

Dicse Verbindungen lassen sich auf Sch] & Sch.-Papier Nr. 2043a
mit cinem FlicBmittel der Zusammensetzung Dioxan 68,5 ml, Wasser
31,4 ml, konzentrierte NH,-Losung 0.1 ml, nach der aufstcigenden
Methode gut trennen.

Uber die Entwicklung der Chromatogramme wurde bereits an anderer
Stelle? berichtet.

Dic als Ammoniumsalze aufgetragenen Substanzen haben bei 20° C
und einer Laufzeit von etwa 16 Std folgende Re-Werte:

Sulfat H,S0, 0,18
Trisulfimid (HNRO,), 0,19
Sulfamiddisulfonat SO.(NH—SO;H), 0,29
Sulfamidmonosulfonat N—50,—NH-—80,;H 0,39
Imidodisulfonat HN(S0,H), 0,34
Amidosulfonat H,N—80,H 0,66

* Imidodisulfamid HN(80,—NH,), 0,78
Sulfamid S0,(NH,), i 0,91.

Diese Schwefel(VI)-Stickstoffverbindungen kann man mit Aus-
nahme des ringférmigen Trisulfimids als Glieder dreier homologer Reihen
auffassen, von denen jeweils di€ ersten beiden Vertreter bekannt sind:

A. Reihe der Diamide H(HN— Si)g,NH,
n =1 Sulfamid; 2 = 2 Imidodisulfamid.

B. Reihe der Amido-Monosulfonsauren H(HN— SO:)nOH
n = 1 Amidosulfonsiure; n = 2 Sulfamidmonosulfonséure.

C. Reihe der Disulfonsiuren HO,S(HN—S0,),0H .

n = 1 Imidodisulfonséure; 7 = 2 Sulfamiddisulfonsdure.

Diese Reihen unterscheiden sich voneinander lediglich durch die
Gruppen, mit denen die —HN-—S0,-Ketten abgesittigt sind. Es sind -

dies die Bestandteile des Ammoniaks (4), das Wassers (B) und der

Schwefelsiure (C). Jedes Glied der homologen Reihe unterscheidet sich

von dem vorangehenden durch die —HN—S80,-Gruppe.

Das chromatographische Verhalten der bier betrachteten Verbindun- |

gen 1iBt zundchst folgende qualitative Aussagen zu:

1. In einer homologen Reihe hat die néchsthohere Verbmdung stets

einen niedrigeren R¢-Wert els die vorhergehende. -~ «.
2. Einander entsprnchcnde Glieder (gleiches n) der drei homolowen

Reihen wandern stete so, daB das Diamid den hochsten, die Disulfon.
saure den niedrigsten Ry-Wert -hat, wihrend die Monosuifonsiure

g,
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zwischen beiden liegt. Das steht damit in Einklang, dafl der Sulfonsiure-
rest hvdrophiler ist als die NH,-Gruppe. Je mehr Sulfonsiurcgruppen
cine Verbindung enthdlt, um so mehr tendiert sic zur stathioniiren
wilrigen Phase, um so kleiner ist ihr Ry-Wert.

) Welche quantitativen Beziehungen bestehen zwischen der chemischen
Konstitution und den Ry-Werten der Ammoniakderivate der Schwefel-

Tabelle 1. Die Gruppenlifon,stante A Ray fiir —80,—NH— als Differcnz der Ry-1Werte
aufeinanderfolgender Glieder homologer Reihen

Verbindung R, Ry l (_‘\'”!,I_";lo -=)
Sulfamid 0,91 :

Hami A 1,02 1
Imidodisulfamid 0,78 1055 |
Amidosulfonat 0,66 -+ 0,29
Sulfamidmonosulfonat 0,39 —_ 0:19 } — 048
Imidodisulfonat 0,64 0,0 l
- e 3 » 7 1
Sulfamiddisulfonat 0,29 Al 030 |f T8

siure ! Wic aus Tab. 1 hervorgeht, unterscheiden sich die .- Werte aufein-
andex:folgender Glieder der drei homologen Reihen um den gleichen Betr'a .
Dieses 4 Ry, von ~0,47 mufl als Kenstante @ fur dic Su}fimidi-
gruppe —HN—80,— angesehen werden. Da sich die Glieder aller drei
Ptmhen durch diese Gruppe voneinander unterscheiden, ist esmaoglich, von
ciner belicbigen Verbindung ausgehend, die Rj;- und damit die zl‘lr-“"'erto
al}er‘fmdcren Verbindungen der betreffenden Reihe zu bestimmen.
-Lme vollstindige Berechnung der Re-Werte aus den Molekiilbau.
steinen ist jedoch nicht moglich, da fiir dic Konstanten der vier Gruppen
-'—OH, -H, 7NHZ und —8O0,H (die zusammen mit der —~NH—-S0,-
Gruppe die einzelnen Molekiile aufbauen) sowie fiir die unbekannte
Grundkonstante Z nur vier unabhingige Gleichungen aufgestellt werden

. konnen.

' Es ist jedoch méglich, gewissermafBen Diﬁ'erenzbetrége ARy, der
em_zelneq Gruppenkonstanten zu ermitteln, und somit Bezichungen
zwischen entsprechenden Gliedern verschiedener homologer Reihen her-
zustellen.

So setzen sich z.B. die Ry-Werte der drei Verbindungen Sulfamid,

"Amido- und Imiﬂodisuﬁonsﬁure aus folgenden Betrigen zusammen:

_ Sulfamid: R,(4) = G(—NH—850,—) + G(—H) + G(—NH

' —H) + G(—NH,) + Z

Amidosulfonaburs: - R(B) — G(—NH—80,—) + G(—H) + c:(_onz))l: z
midodisulfonsiure: R,/(C) = 6(—NH—80,—)+G(—S0;H) + 6(—OH) + .

Durch Subtraktion ergibt sich:
R, (AB)= R,(4) — Ry(B) = G(—NH,) — G(—OH)

© R,(BC):=R,(B) — R,(C) =G(—H) — G(—SO,H).

%
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Diese Differenzbetrige miissen addiert bzw. subtrahiert werden, um
von ciner beliebigen Schwefel(VI)-Stickstoffverbindung ausgehend die
Ry-Werte der entsprechenden Verbindungen der beiden anderen homo-

logen Reihen zu erhalten.

Im cinzelnen gelten dafiir folgende Zahlenwerte:

1. Kommt in einer homologen Reihe das Glied —NH —80,-—hinzu,
so andert sich der Ry-Wert um —0,47.

2. Entsprechende Glieder (gleiches n) der homologen Reiben Aund B
unterscheiden sich durch den Ersatz der OH-Gruppe durch die NH,-

Gruppe. Diesem Unterschied entspricht ein 4 Ry von 0,74.

Ersatz von —NH, durch —OH = — 0,74
Ersatz von —OH durch —NH, = + 0,74 .

3. Entsprechende Glieder (gleiches n) der homologen Reihen Bund C
unterscheiden sich durch den Ersatz des H-Atoms durch die SO.H-
Gruppe. Das kommt in einem A Ryy von 0,21 zum Ausdruck.

Ersatz von —H darch —S0,H = — 0,21
Ersatz von —SO,H durch ~H = + 0.21.

- Die fehlende Moglichkeit der Bestimmung der Grundkonstanten
zwingt jedoch dazu, bei der Ermittlung der Rj-Werte von einer fest-
stechenden BezugsgroBe auszugehen, als welche zweckmaBigerweise der
Ry-Wert der Amidosulfonsdure dient, da diese Verbindung am leichte-
sten zugdnglich ist. . -

In Tab.2 sind die auf zehn Chromatogrammen gemessenen Ry-Werte
mit dem nach dem hier dargelegten Prinzip berechneten verglichen.

Die Berechnung der Re-Werte hat insofern Bedcutung, als dadurch
auf das Mitlaufen von Testsubstanzen (aufler Amidosuifonsidure) ver-
zichtet werden kann, die zum Teil sehr schwer zuginglich sind. Es ist
dariiber hinaus moglich, in einem Substanzgemisch bisher noch un-
bekannte Substanzen zu identifizieren. Doch hat diese Methode, wie im
folgenden gezeigt werden soll, ihre Grenzen.

Abb.1 zeigt in graphischer Darstellung einmal die berechneten Pg-
Werte* der ersten vier bis sechs Glieder jeder der drei homologen
Reihen, zum anderen die Pg-Werte, die auf dem Chromatogramm eines
Reaktionsproduktes unbeckannter Zusammensetzung gemessen wurden.

Aus der Abbildung geht hervor, daf durch die Uberlagerung der drei
homologen Reihen die hoherkondensierten Ammoniakderivate der

* In dieser Darstellung wurden die” P,-Werte benutzt, die sich erfahrungs-
gemaf als besser reproduzierbar erwiesen. Mit den R;-Werten stehen sie in folgen-
dem Zusammenhang: - P T A
" Reder Verbindung =100 1t >
Px = Ry der Amidosulfonssure "




- Tabelle 2. Differenzen zwischen den gemessenen und berechneten Ry-Werten aus zehn Versuchen
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ersichtlich ist. Ein Erfolg ist jedoch darin zu schen, dab cine bisher
unbekannte Verbindung in den Umsetzungsprodukten von S0,(l,
brw. 8,0,01, mit NH, woriiber schon an anderer Stelle berichtet
wurded, mit grofler Wahrscheinlichkeit an Hand  ihres berechneten
Re-Wertes identifiziert werden konnte. Es handelt sich dabei um
das  Diimidodisulfamid, SO,(NIT—S0,—NII,),, das nichsthohere
Homologe des Imidodisulfamids. Diese Substanz ist auf Grund des
angenommenen Reaktionsverlaufes in beiden Umsetzungsprodukten in
nennenswertem Malle zu erwarten. Der Substanzfleck lag dirckt unter
dem des Tmidodisulfonats (siche auch Abb.1), die Abweichungen der
gefundenen Re-Werte vom berechneten Wert betrugen maximal 0,01.
Da diese Verbindung hisher noch nicht dargestellt bzw, isoliert werden
konnte, muB} der Beweis fiir die Identitit noch erbracht werden.

Es sei jedoch anschlieBend noch darauf hingewiesen, dall eine Be-
rechnung der Ry-Werte fiir die Ammoniakderivate der Schwefelsiure
nicht fiir jedes belicbige FlicBmittel moglich ist, da die R¢-Werte ciniger
Verbindungen stark vom NH,-Gehalt der Elutionsphase abhingig sind,
andere dagegen nicht. Der Grund hierfiir muf darin gesehen werden,
daf} der chemische Charakter der einzelnen Molekiilgruppen, beispiels-
weise der NI-Gruppe, in den hier betrachteten Verbindungen doch
unterschiedlich ist.

Zusammenfassung

Vom Ry-Wert der Amidosulfonsiure ausgehend ist es méglich, die
Ri-Werte aller anderen kettenformig kondensierten Ammoniakderivate
der Schwefelsiiure zu berechnen. Im Falle des Diimidodisulfamids konnte
cine Identifizicrung der Substanz mit Hilfe des bercchneten Ry-Wertes
mit grofier Wahrscheinlichkeit erfolgen, bei lingeren Ketten wird dieses
Verfahren jedoch infolge der starken Anhiufung von Verbindungen im
unteren Teil des Chromatogramms nahezu unmbglich gemacht. -
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' ¢. - PART II. PESTICIDES

ARNOLD J. LEBMAN, M.D.
Chief, Division of Pharmacology, U. 8. Food and Drug Administration

" INTRODUCTION

The pesticides will be discussed under the sectional headings of acute
toxicity, dermal toxicity, subacute and chronic toxicity, biochemistry,
and pathology. In the tabular summaries to follow it will be necessary to
mention many of the individual pesticides a number of times. Since their
chemical names are too cumbersome for this purpose the common or short-
term designation will be given preference. A list of the pesticides to be
considered is given below. In this listing the short term is given first with
the more customary chemical designation, wherever applicable, presented
in the second column. Because of the diversified character of the pesticides
from both the chemical and utility standpoint, a classification based upon
either one or the other of these aspects did not appear to be practical;
hence, in an attempt to regregate the compounds into some useful order an
arrangement was devised which is based partially upon chemical similarity
and partially upon use. Chemical names will not be repeated in tabulations
and the groupings as presented below will be maintained.

Plant Products and Dertvatives

1. Derris Rotenone and rotenoids
2. Rotenone
3. Pyrethrins Oleoresins
4. Allethrin Allyl cinerin
5, Nicotine '
6. Sabadilla Veratrine-like alkaloids
7. Ryania . Alkaloids: ryanodipe, ryanive, and others
8. Dibydrorotenone
Thiocyanaies
9. Thanite Isobornyl-thiocyano acetate
10. Lethane-60 Beta-thiocyano-ethyl esters of alipbatic acids
with 10-18 carbon atoms
11. Lethane-384 Beta-butoxy-beta-thiocyano-diethyl ether
12. Lethane Special Lethane-60, 3 parts and Lethane-384, 1 part

Copper

13. Copper chloride
14. Copper carbonate
15. Copper sulfate
' Mercury
16. Calomel Mercurous chloride
17. Corrosive sublimate Mercuric chloride

122
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43.

47.

49.

51,
52.

t
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ammonium lactate

.- Arsenic trioxide

. Potassium arsenite
. Paris green

. Calcium arsenate

. Lead arsenate

. Barium fluosilicate
. Cryolite

Sodium fluoride

. Sodium fluosilicate

. DDT

. TDE

. DFDT

. Methoxychlor
. TBH

. ABH

. BBH

. DBH

. Lindane

. Toxaphene
. Chlordane

. Aldrin

. Dieldrin

Heptachlor

. Prolan

Bulan

. Parathion

Dimethyl parathion

. Paraoxone

OMPA
EPN

. TEPP
. HETP
. ASP-47

. Ethyl mercuric phospbate
. Phenyl mercuric triethanol

Arsenic

Copper aceto-arsenite

Fluorides

Sodium zluminum fluoride

Miscellaneous Melals

. Sodium selenite or selenate
. Cadmium chloride
. Tartar emetic

Potassium antimonyl tartrate
Chlorinated Hydrocarbons
Dichloro-diphenyl-trichloroethane
Dichloro-diphenyl-dichioroethane
Difluoro-diphenyl-trichloroethane
Dimethoxy-diphenyl-trichloroethane
Technical benzene hexachloride
Alpha isomer of benzene hexachloride
Beta isomer of benzene bexachloride
Delta isomer of benzene hexachloride
Camma isomer of benzene hexachloride.
Chlorinated camphene
1,2,4,5,6,7,8,8-0ctachloro-2,3,3a,4,7,7&-bexa-
hydro-4,7-methanoindene
.1,2,3,4,10,10 - Hexachloro - 1,4,41,5,8,8a -
bexahydro-1,4,5, $-dimethanonaphthalene
1,2,3,4,10,10 - Hexachloro - 6,7 - epoxy -
1,4,4a,5,6,7,8,88 - octahydro - 1,4,5,8 -
dimethanonaphthalene
1,4,5,6,7,8,8 - Heptachloro - 3a,4,7,7a - tetra-
hydro-4,7-methanoindene
2-Nitro-1,1-bis(p-chlorophenyl) propane
2-Nitro-1,1-bis(p-chlorophenyl) butane
Organic Phosphates
0,0-Diethyl-p-nitrophenyl-thiophoaphate
0, 0-Dimethyl-p-nitrophenyl-thiophosphate
0,0-Diethyl-p-nitrophe nyl-phosphate
Octsmethyl pyrophosphoramide
Ethyl p-nitrophenyl-thionobenzenephospho-
nate : '
. Tetraethylpyrophosphate
Hexacthyltetraphosphate
Tetraethyldithionopyrophosphate
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56.

59.
. 2,4,5-T
61.
62.

67.

72.
73.
74.
75.

76.
77.
78.
. Zinc phospbide

'E-838

. DNOC
. DN-111

2,4-D

Naphthalene acetic acid

Methyl-1-naphthalene acetic

acid

. Ammate

. Pentachlorophenol
. Endothal

. Mgleic hydrazide

n-Propyl-isome

. Piperonyl butoxide
69.
70.
71.

Van Dyke 264
Sulfoxide
Piperonyl cyclehexanone

1080
Castrix
ANTU
Warfarin

Strychnine
Thallium sulfate
Red squill

. Phygon
81.
82.
. Aramite

Spergon
Phenothiazine

. Arasan
85.
86.

Fungicide 341 C
Dithane

ASSOCIATION OF FOOD AND DRUG OFFICIALS

Diethoxythiophosphoric acid ester of 7-hy-
droxy-4-methyl-coumarin

Dinitro Compounds

3,6-Dinitro-o-cresol :

2,4-dinitro-o-cyclohexyl phenol dicyclohexyl-
amine

Herbicides

2,4-Dichlorophenoxy acetic acid

2,4,5-Trichlorophenoxy acetic acid

Ammoninm sulfamate
3,6-Endoxobexahydrophthalic acid -

Activators
di - n - Propyl - 6,7 - methylenedioxy - 3 -

methy! - 1,2,3,4 - tetrahydronaphthalene -

1,2-dicarboxylate
(Butylcarbityl) (6-propyl piperonyl) ether
n-Octyl-bicycloheptane dicarboximide
n-Octyl-sulfoxide
Alkyl-5-(3,4-methylenedioxy)-phenyl-3-3- cyclo-
hexen-5-one
Rodenticides
Sodium monofluoroacetate
2-Chloro-4-dimethylamino-6-methylpyrimidine
Alpha-naphthylthiourea
2 - Alpha - phenyl - beta - acetyl - ethyl - 4
hydroxy-coumarin
Strychnine nitrate

Miscellaneous

2,3-Dichloronaphthaquionne

Tetrachlorobenzoquinone

Thiodiphenylamine

Beta’ - chloroethyl - beta - (p - tert. - butyl -
phenoxy)-alpha-methyl-ethyl sulfite

Tetramethyl-thiuram-disulfide

Glyoxalidine acetate

Zine and sodium salts of ethylene-bis-dithio-
carbamic acid

SECTION I. ACUTE ORAL TOXICITY

The acute toxic dose values for the pesticides are listed in Table I.

Practically all of the data were obtained in the laboratories of the Division

.
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of Pharmacology, and, with a very few exceptions, the rat was employed
as the test animal. The values for a few of the older compounds such as
derris, sodium fluoride, and arsenic trioxide are so well documented in
the literature that they were not necessarily checked in this laboratory.
In some instances technical difficulties would not permit the caleulation of
an LDg, hence, in the interest of accuracy the term “approximate LD;,"”
is given as the column heading. Wherever possible the pure compound
dissolved in an innocuous solvent was employed, and dosages were ad-
ministered by stomach tube to fasted animals.

In an attempt to present as much useful information as possible in
tabular form, the chief characteristics of the poisoning symptoms, the

time elements involved in their appearance and duration, and the clinical _

course of the poisoning as observed in the animals are briefly summarized.
A few additional comments on the various groups of pesticides follow.

Thiocyanales: Except for thanite, the acute toxicity was determined on
the commercially available concentrates which are 509, solutions in deo-
dorized kerosene. The LDs,’s as tabulated were calculated on the basis of
the pure compound. ' '

Copper: Although the compounds listed are not used as pesticides, their
toxicity does serve to give some estimation of the toxicity of copper oxy-
chloride, oxide, phosphate, silicate, zeolite, oxychloridesulfate, and Bor-
deaux Mixture.

Mercury: The general trend of phenyl mercuric compounds is an LDj,
of 50 mg./kg. or less.

Arsenic: The ratio of toxicity of arsenites to arsenates may be considered
as 1:1.6; hence, other arsenical pesticides not listed, such as sodium and
zinc arsenites, would have an LDs of about 13-14 mg./kg., and copper,
magnesium, and manganese arsenates would be in the 22-23 mg./kg.
range.

Miscellaneous Metals: The value for sodium selenite or selenate is calcu-
lated on the basis of selenium. The toxic dose of cadmium chloride is

listed because this metal is a constituent of at least one fungicide, & com-

bination of cadmium copper zinc chromate and calcium sulfate.

CONTINUED IN THE NEXT ISSUE
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TABLE 1

Acute oral toxicity

APPROXI- SYMPTOMS OF POISONING
PESTICIDE uate LDiy
Mg./Ks. Chief Characteristics Onsct ‘ Duration Clinical Course with Severe Poisoning
Natural products and derivatives _

1. Derris 1500 Frequent convulsive [Within minutes (1 to 3 days Desth by respiratory failure in 24 hours.
peizures followed by 10 5to0 6 hours Tatalitics rare after 3rd day although
depression of central death may be delayed 10 or 12 days
pervous system

2. Rotenone 132 Same as for derris

3, Pyrcthrins 200 Central nervous system | Usually within | 10 hours Death may be delayed for as long as &
irritation; hyperoxcit- 4 hour days. Respiratory paralysis is & major
ability, tremors, and cause of death
convulsions

4. Allethrin 680 Trcmox;s and convulsions | 30 minutes 6 hours Tatalitics appear to be rare 24 hours after

poisoning. Death due to respiratory
paralysis

* 5, Nicotine 50-60 Clopic convulsions Within minutes| 5 to 20 minutes Curare-like paralysis of respiratory mus-
cles and death

6. Sabadilla 4000 Retching, muscular Within 5§ min- | 24 hours " Symptoms similar to aconite. Death from

spasms, ataxia, coma

utes

respiratory or cardiac paralysis may
oceur within 3'to 10 minutes after the
ingestion of a fatal dose

)
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7. Ryania 750 Depression of central ner-i 5 to 8 minutes | 2 to 10 hours | Continuous depression up to terminal
vous system convulsions, Denth usually within 24
C hours although large doses may be
fatal within the hour after ingestion
8. Dihydrorotenone 330 Same as for derris
. Thiocyanates
9. Thanite 1000 Decp depression, cyano- Within a few | Rapid collapse Oceasionally symptoms may-be deiayed
10. Lethane-60 500 sis, dyspnea and tonic minutes within min- for afow hours. Death isdue to respira-
11. Lethane-384 90 convulsions utes tory paralysis
12. Lethane Special 400 ’
Copper
13. Copper chloride 140 Violent retching, muscu- | Within a few If dose is re- | Symptoms of gastrointestinal irritation
.. 14. Copper carbonate; 159 Iar spasms and collapse minutes tained could may subside, but death may follow
8 15. Copper suliate 300 be fatalin 1 several days later because of damage
: hour to important organs such as liver and
. kidneys
. Mercury
16, Calomel (210) Symptoms of mereurialism at this dose
but no deaths
" 17. Corrosive sublimate 37 Shock, dysentery, and | Immediate Symptoms Shock effect of the irritant may be fatal
o0 anuria persist  till within 24 hours. Acute kidney damage
death may be fatal by the third day
18. Ethyl mercuric phos- 30 Similar to corrosive sub-
phate limate
19. Phenyl mercurie tri-
ethanol ammonium
lactate 30

70



81

TABLY 1—Continued

APPROXI- ’ BYMPIOUS OF FOISONING
FESTICIDE Pwarz I L
. - ! H . PR oy . .
! . ‘ Chiel Characteristics [ Onest i Duration }‘ Ciinicai Ceursc will Severe Poisoning
ARSENIC
. . i PO R . e ] Iy, | . N . .
20. Arsenic trioxide }' 1c Violout  gostroenteritis, : Almost : A few houre to | Death from exhaustion and dchydration.
21. Potassium arsenite 14 dirrrhea, rice water ! immediately | scveral days Convulsions and general paraiysis may
22. Paris green ! 22 | stosls ' | occur belore onset of gastroonteritis,
- i H R ]
23. Celcium arscnate | 20 { ! I Death within a fow hours io. several
24, Lead arsenate i 100 ! : ! daye
i i i } !
Fluorides
23. Barium fluosilicate 175 Ahdominal distress, giar-,l Immcdiately l Stupor  and | In fatal poisonings death can result in
26. Cryolite 200 rhea, cyancsis, dysp-| and up to 6 , weakness a few minutes
27. Sodium fluoride 200 nea, fibrillation of skel!  hours | may persist
. age ! h r Ladel
28. Sodium fuosilicate 125 etal muscles i | for 35 hours
Miscellancous Metals
29. Sodium selenite or 2.5 Garlic breath, nervous- | Within 15 min- | 12 o 18 houre | Death due to respiratory [ailure
sclenate ness, central nervous uics -
system depression
30. Cadmium chloride &3 Salivation, vomiting, | 15 to 30 min- Gastroenteritis may be a contributing
diarrhen utes cauee of death
31. Tartar emetic 1156 Tarallels those given for Death within a few hours Lo several days

!
s
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Chlorinated hydrocarbons

32. DDT 250 Extreme  excitability, | Withia 30 min- { 24 bours Time interval for a fatal outcome is var-
tremors,  twitching, utes inble, but death ususlly occurs within
convulsions, coma, 24 hours
death

33. TDE 3400 Lethargy Within 24 2 to 4 days Convulsions do not appear to be a major

o hours symptom. If death has not occurred by
’ the 4th day progposis appears to be
favorable

34. DFDT 1120 Similar to DDT Apparently the flucrine part of the mole-

cule docs not contribute to the symp-
toms of acutoe poisoning
5 35. Methoxychlor 6000 Largely depression of | Within 24 2 to 4 days Tremors have been noted but are not a
central nervous system hours prominent symptom

26. TBH 600 | Convulsions which may | Within 20 min- | 2 weeks Symptoms may persist for 2 weeks and

o give way to a central utes deaths have been obscrved late in the
.. nervous system depres- 2 weeks observation
- sion :

37. ABH 500 Hyperexcitability —and | About 1 hour | 2 weeks Deaths delayed up to 2 weeks with con-
convulsions vulsions persisting to the end

38. BBH 6000 Principally tremors 2 to 5 hours 2 days Deathk occurs between the 2nd and 6th

. day
39. DBH 1000 Depressant to the central | 1 to 2 hours 2 days Death may be delayed to between the

nervous system

2nd and 6th day

w0
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TABLE 1—Continucd

APEROXT. SYMPTOM3 OF POISONING
PESTICIDE KATE LDso
Mg./Ks. Chicf Characteristics | Onset ! PDuration ! Clinical Course with Scvere Poisoning
Chlorinated hydrocarbons—Continued
40. Lindane 125 Hypersensitivity  and | 20 minutes 2 hours Death usually within & two-hour period
convulsions after ingestion. Convulsions persist
to the end
41. Toxaphene 69 Hypersensitivity, trem-! 1} hours 24 hours Most of the fatalities occur within 24
org, and convulsions hours. Delayed deaths have been noted
up to the 6th day o
42, Chlordane, technical 457 Hypersensitivity, trem- | 15 minutes 2 days Tremors beginin 15 minutes;convulsionsk
’ ors, and convulsions appear after about 24 hours and may
persist for 2 days; deaths may be de-
Inyed up to the 6th day
43. Aldrin 67 Tremors and convulsions | Within 1 hour | 2 days Time of death variable; may be delayed
up to the 6th day
44. Dieldrin 87 Tremors, muscular | Usually within | 2 days Deaths may be delayed up to the 6th day
spasms, convulsions the hour or longer . o
45, Heptachlor 90 Tremors and convulsions | 30 minutes to | 2 days Similar to aldrin, dieldrin and chlordane
an hour -
46. Prolan 4000 | Tremors and convulsions | Within about 1 | Prolonged for | Persistent convulsions up to time of
hour days death which may not occur within 4
hours
47. Bulan 330 Convulsions About 2 hours | 4 hours

Fatalities usually occur within 4 hours

ov0
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Organic Phosphatcs
48, Parathion 3
49, Dimethyl parathion 16.2 Generalized  fibrillary | 15minutestol | 12 hours The symptomatology of the individual
§0. Paraoxone 7.8 tremors, salivation, hour organic phosphates is similar. Deaths
51. OMPA 13.5 lacrimation, diarrhea usually occur in 1 to 24 bours
52. EPN 14.5 and convulsions
53. TEPP 1.2
4. HETP 7
55. ASP-47 5
56. E-838 19 .
Dinitro Compouhds
57. DNOC 26 Increased respiratory Within  the | 24 hours Time of death variable but usually
§8. DN-111 330 rate hour within 24 hours with hyporpyrexia
, contributing cause
: Herbicides
59. 2,4-D 500 Ataxin, myotonia, gas- | 30 minutes Severa! hours | Death occurs several hours after inges-
trointestinal irritation tion '
60. 2,4,5-T 300 | Similar to 2,4-D
61. Naphthalene acetic 1000 Gastroenteritis, dcpres- | 30 minutes Less than 24 | Most fatalitics occur within the first 48
acid sion and paralysis hours hours
62. Methyl-1-naphtha-- | 2140
lene acetic acid

63. Ammate 3600, Listlessness Within minutes| 24 hours Tremors have been noted with very high

’ doses and death within 10 minutes.

Survival after 24 hours is favorable for
complete recovery

64, Pentachlorophenol 78 Tremors and convulsicns | 20 minutes 12 hours Deaths usually within the hour
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TABLE 1—Coniinued

ARPROXI- SYMPTOMS OF POISONING
PESTICIDE MATE LDu
Mg./Es Chict Characteristics l Onset l Duration Clinical Course with Severe Poisoning
B Herbicides
65. Endothal 35.5 Mauscular weakness 30 minutes 24 hours Deaths occurred between 4 and 24 hours
66. Maleic hydrazide 4000 Tremors, muscular 10 to 60 min- | 3 hours Deaths within 3 hours
spasms utes
Activators ;
67. n-Propyl isome 15000 Depression Trrees
68. Piperonyl butoxide 11500 Depression 20 minutes Several days | Delayed deaths up to onc week
69. Van Dyke 264 2800 Some hyperexcitability | 30 minutes 2 days Most fatalities occur within the 2-day
followed by depression period
70. Sulfoxide 2000 Tremors, severc depres- | 10 to 20 min- | 24 hours or | Continuous sovere depression till death,
sion, coma utes more Survivals may have severe sympioms
‘ extending beyond the 24-hour period
71. Piperonyl cyclohexa- | 5200 Death usually within three days
none r
Rodenticides -
72. 1080 1.7 Tremors, convulsions 45 minutes -1 week Intermittent convulsions for as long as
10 days before death
73. Castrix 1.7 Convulsions 45 minutes 12 bours Survival for more than 12 hours appears
to be a favorable prognostic sign
74. ANTU 6 Dyspnea; occasionally | 15 minutes 24 hours Death usually occurs within 24 hours
convulsions

0/0
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75. Warfarin 160 Severe depression; gener- Deaths are usually delayed but in severe
alized hemorrhages poisoning death could occur within a
balf hour after ingestion
76. Strychnine 16.2 Tonic convulsions 10 minutes 12 hours Deaths from medullary paralysis and ex-
haustion and usually occur within a
12-bkour period
77. Thallium sulfate 25 Depression 48 hours 72 hours Most of the fatalities occur within tho
. ' 72-hour period. Renal damage is the
principal cause
78. Red squill 300 Central pervous system | 12 hours 24 hours Animals exhibit cireular movements; re-
stimulation peated rotation on long axis of body.
Majority of deaths fall within the 24
hour period
79. Zinc phosphide 450 Depression 24 hours 72 hours Most deaths occur within 72 hours
5 Miscellaneous
80. Phygon 1500 Diarrhea and severe de- Deaths occur within 24 hours
pression
81, Spergon 4200 Depression Depression may be prolonged for days
before death
82. Phenothiazine . 5000 Secondary anemisa Recovery from temporary secondary
ancmia if poisoning is not aerious; no
residual toxic effects
83. Aramita 6300 Depression 3 hours 3 days Delayed deaths over 1 week
84. Arasan 865 Hyperexcitability, se- Most deaths occur within 5 days
vere diarrhea
85. Funéicide 341 C 3720 Depression, hemorrhage Delayed deaths up to 2 weeks
' {rom the nose
86. Dithane 5000 Diarrhea

ov0
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-~ LOEW : PHYSIOLOGICAL ACTION

pointed out that the relation may be equally well expressed {“,
altering Rudolphi’s formula into

()

Fo

() ()
f2)v ()

K = o,
which may be written as

K = C‘,S/CSZ,
1 - . :
where i}- el Ci 1s the concentration of the ion, and
(1-23\L =,
\ /‘un) v

is that of the undissociated salt. I have tested the above formule

with sodinm amidosulphonate ; the results which are tabulated below:

are in agreement with both of them:

Sodium Amidosulplonate (p, = 98°17).
v =32 64 128 . 236 512 1024
pe = 8425 877 9052 9204 9390  94-51

Kp= 100 103 105 00 101 085
Kg= 100 101 10L 092 006 080

The values of Ky and K bhave been calenlated according to
Rudolphi’s and van't Hoft's formulwe, respectively, the value fgund
for v = 32 litres being, in both cases, made egual to 1.. The resulis
are almost equally consiant up to ¢ = 512 litres, but, in both cases,
there is a greater deviation for the last dilution, owing, no donbt, to
a greater experimental error.

CXIL—Physiological Action of Amidosulphonic acid.
By Oscar Lokw, Ph.D

Ar the suggestion of my colleague, Dr. Edward Divers, I have made
a series of physiologieal tests on plants with amideosulphonic acid
(amidosulphuric acid). This acid, in 0"03—0'1 per cent. solutions,
was applied in the form of its calcium or sodium salt, either alone or.
in conjunction with mineral nutricnt salts, namely, monopotassinm
phosphate, 005 per cent.; magnesium sulphate, 005 per cent.;
calcinm sulphate, 0'1 per cent.; and a trace of ferrous sulphate.
These solutions (500 c.c.) were applied to the whole plants, or to the
branches and isolated leaves, of different fumilies of the pheoo-
gams; also to algm, lower fungi, and lower aquatic animals.

(/‘L‘ 13 ‘.-,:
‘/lm » 1) l, ;':‘A

|

OF AMIDOSULPHONIC ACID. 1663

The rrincipal result, in regard to phenogams, was that amido-
sulphenic acid has, even in ite salts, o decidedly nozious action, clearly
cstablished by control experiments, made at the same time and on
gimilar organisms, kept in water and in solutions of ammoninm
sulphate and sodium sulphate. Some of the experiments were the
following :

Veonne when
igang wacet
>

carefnlly taken from the field, 20—25 em.
high, were placed in three vessele, containing cach 500 c.c. of
(a) common water, (¥) 0'1 pee cent.jof nentral ammonium suiphate,
(¢) 01 per cent. solution of sodium 'xnlldoqulphonate In (a) and (b)

aew roctlets gradually developed, but not in (c). After five days,

e+

pl?n*S

W nhermg of the leaves commenced in (¢), and complete death had

Luppened in nine days, whilst the plauts in (a) and () were still
perfectly healthy. *

Young branches of Prunus Cerasus, 40 cm. long, were placed in
the same solutions and alsoin Ol per cent. of hydrated sodium sulph-
ate. After three days, brown spols had appearcd upon all the leaves
kept in the amldosulphonate, and, two days later, all these leaves
were dried up, whilst in the control solutions the branches still
remained healthy, and for a long time afterwards.

Tscluted leaves of Jsculus and Morus behaved in these solutions in
the same way. Mr, Maeno made, under my supervision, further
experiments with young plants of Allinm fistulosum, Soja hispida,
and Drassica Rape, and in all thesc cases some noxious action of

caleinm amidosulphonate became evident. In these exper imcnts, all
the mineral nutricnts were present.

In contrast to what precedes, algm (Spirogyra Mesocarpus) had not
suffered, even in a 1 per cent. solutlon of calcium mmdosulphonam,
after a week, whilst the ammomum salt kiiled them, in 0'5 per-cent.
golution, within two da;

That mounld-fungi and bacteria can utilisc amidosulphonie acid as ‘

a source of nitrogen was clearly established by their devclopment in
solutions containing 1 per cent. of cane sugar, O-1 per cent. of mono-
potassinm phosphate, 01 per cent. of magnesium sulphate, and, as
the only source of nitrogen, 01 per cent. of amidosulphonic acid,
either free or as caleium salt. My, Maeno studied the matter closely
with beer yeast, and observed that, althongh the acid ean be utilised
as a source of nitrogen, it is not so good for the purpose as ammo-
nium sulphate.

6856 grams of glucese, 01 gram of magnesium sulphate, 02 graw' of
monopotassinm phosphate, and O 1 gram of sodium am1do§n ph-

* All ammozium salts are, for these kinds of olgre, noxious at this edncentra-
tion,

10 c.c. of thin beer yeast, corresponding to C-0613
gram of dry matter, was suspended in n solution containing in 100 c.o!

{70
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onate
4 ato (A). In a second flask, (B), the last-meriioned salt w
- ZO 1 gram of ammonium sulphate. After five da tx};aar,;
od . . ys t T
(f t)] had increased 169 per cent., and that in (1) 223 per ¢ S T
of t e glucose there had been fermented in (A) 488 oot L
(B) 552 per cent. porcenta al
Fin i i B
al_ly, it may be mentioned that on lower ic anj
Inpan Do AT o aquatic apjm-?.
ria, Rotatoria, and Copepoda, calecium amidosul P
per cent. solution, had no noxious action
The poisoncu i i ‘ .
us act ] i i
cmSidci oo ction of amidosulphonic acid on phenogams §
T h‘ . - - - B rz
eicera lc interest.  Ammonia, in its salts, acts noxionsly S
only in higher concentration; it never is stored up as if‘ﬁ\m’ iy
e it ; £ D . Stch 1a nla~ss
as 'rafes are, }mt is quickly converted into an indifferent supg: §
t];l ag‘ag;ne, as the recent investigations of Winoshita and 8 ;'“,"s‘
e College of Agrienlture, Tokyo e
i ure, Tokyo, have placed 1 o
e Gk - ' Y0, placed beyond deoubt, I
failure of the plaunts to convert amidosulphonic acid“;_n‘ )

phozate, iz :";;

F

o s ind; S

analogous indifferent substance that, perbaps, gives ti s

e Tt ot : , aps, gives time for ¢ia

e of the labile amido-group on the living ¢ ‘;M

The poisonous action of the labile amido-g in dpmkcg ~

POisC abile a -groups n TOXylaTri=e

;‘m(} dtx]axmdogen for the most varied organisms is well {'rowg Iy

fact that amideosalphonat i e ,“;:
1o ates are poisonous neither f 1

et that am : s neither for lower plics

e and low fungi ¢ i ; X j

g angl, nor for animals (sce the A i

g . b 8 e ADDENDA o {353
%;pc._), still needs an explanation that shall be perfectly "A"‘O‘

o), ; ‘ : : hall be perfectly satisfacicrr.

e co responding carbamic acid was found by Nencki to h:;::

poisonous effect on animals. s

Imperial University,
Japan.

Ky

N oW

y .t}m)ln:\pt‘f, by fLD\\ ArD Divers. Further experiments on the pbrl

gical action o i honic aci i i e

lagomm otion o amld?sulp.xomc acid are in progress in Dr. Loew
eoon 1‘y in the égrxcu]tuml College of the University, the resnits o
tich w ill appear iu the Bulletin of the College. When the above paper
which \ . : paper
%idz jttcn, the fa(_:t had not been ascertained that amidosalpheziz
beco;ncfus as :?dx:cdscmg agent on alkaline silver solutions, apparezis
ing oxidised to water, ni i i X
- biwﬁ lise o water, nitrogen, and sulphite. This redas:
ngs it into association with hydroxylamine, hydrazing, &~

¥

T

amidogen, which Dr. Loew has shown to be so highly poiseogiz: .

th : i
ough on]yllcmotcly, because its reducing power is so feebls 32
c}ompm'ed1 w1t1.1 thefrs. The simulitaneons gencration of saip>
should add to ils poisonous action.
P . . - 1 1
rofessor D. Takahashi, of the Medical College of this Univer™i.
-

h amine bl .
as cxamined the action of sodium amidosulphonate on vertcir™'3

animals, and has kindly communicated his results to me. oo

iniected 02 : )
jected 02 gram of it subcutaneously into a frog, and intrave2dt bt

]

.

!
f PREPARATION OF HYDROXYLAMINE SULPHATL 1665
3

* 14+ graws into a young dog weighing 2 kilos., in both cases without
injurious cffect or any symptoms like those observed by Nencki
esperiments with sodium carbamate. Amidosulphonates, there-

em not to be poisonous to animals.

o

o

»n
4

ore, 86

CXIIL—Economical Preparation of I ydroxylamine
Sulphate.
s, M.D, F.R.5,, and Taxevasa Hacs, D.Se,
F.C.S.

Iv 1887, Raschig made known that hydroxylamine can be got from &
ite by sulphouation followed hy hydrolysis, and took out patents
t extent these patents

By Enwarp Diver

v

for its manufacturc in this way. As to wha
may have since been worked, and iwith what success, we have no
information; but we cannot believe that this process has been advan-
tageously carried out, unless'the dircctions he gave have been greatly
modified. The one we are about to deseribe is very productive and
cconomical for the preparation of hydvoxylamine sulphate, & non-

deiiguescent salt readily forming lavge erystals, and soluble in three-

quartters of its weight of water at 20°,
Commercial sodiam nitrite of 95 per cent. nitvite does not contain
more than 1 per cent. of objectionable matters, sueh as chloride and
nitrvate, and is, thercfore, pure encugh. A concentrated solution of
this salt (2 mols.), and of sodium carbonate (1 mol.), pretty closely
adjusted in these proportions, is troated with sulphur dioxide until
hile it is kept well agitated ab 9—-3° below zero by immer-

just acid, w
at this temperature, the conversion of the

sion in ice and hrine;
te into oximidosulphonate appears to be perfect. When gently

nityi
d, the oximidosulphonate

warmed with a few drops of sulphuric aci
rapidly hydrolyses, with marked risc of temperature, into oxyamido-
sulphonate and sodium hydrogen sulphate. The solution of these
salts is kepb at 90—95° for two days, by the end of which time all
the oxyamidosulphbonate will have hydrolysed into hydroxylamine
sulphate and sedinm hydrogen sulphate; the quantity of ammoninm
salb produced is so small that it can only be detected in the very last
mother liguor of erystallisation, using platinie chlovide (potassium
hydroxide being an unsuitable reagent in presence of hydroxylamine).
At 80—85°, five days arc necessary, but then practically no ammonia
is formed ; at 70°, three weeks, at Jcast, are necessary ; whilst at the
common temperature much oxynmidosulphonic acid remains un-
changed after several months, even when much sulphuric acid has
been added, On the other hand, the solution kept boiling needs

|

g
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Commentary-|
J. Carrell Morris

A contribution submitled to the JOURNAL
on Jan. 18, 1972, by J. Carrell Morris
(Active Member, AWWA), protf., Interna-
tional Courses In Hydr. and San. Eng.,
Delit, The Netherlands.

The article by \WV. Bruce \Iurr’!y
gives an account of an lntcr(shng
practical application of the known
high aqueous stability and residual
bactericidal effect of chlorinated sul-
famate. It was J. A, McCarthy * who
originally described the latter, as the
result of a study in which successive
increments of clarified sewage were
added to solutions of chlorinated sul-
famate, The great stability was en-
countered by Dr. Hend Gorchev in
her studies of the chemistry of chlo-
rinated sulfunate under the Public
Health Service Research Grant RG

APRIL 1972

J. A U)ajre\ Works Assec. ¥ (Y 267,197

Bx o atLh:

F -rre"/r——v--'y

TTTIE TR

ooy
- &

“Low ralios ol chlorine [as from chlorine- -dosing facility shown] must be considered
with great caution.”

43787 She found that prepared chlo-
rinated sulfamate sotutions in the tab-
oratory would lose only 1-2 per cent
of available chlorine per day, regard-
less of the chlorine-nitrogen ratio.

It must be realized, however, that
chlorinated sullamate is not a very
powerful disinfcetant, so that any wa-
ter supply must be fully disinfected
with free available ¢hlorine before
sulfamate is added.  The stodies of
Stuart and Ortenzio ® and, later, the
more extensive ones by J. E. De-
kuiey * showed that, even with dichlor-
sulfumate, about 5 ppm (mg/liter) of
chlorine was needed for about 30 min
to give 99 per cent kill of enteric bac-
teria, Only for a situation like that
in a transmission or distribution main,
where the bacteria on the walls are
continually in contact with Rowing
chlorinated sulfamate for days or
weeks, can it be regarded as a satis-
factory bactericide.  There is one
biological advantage to chlorinated
sulfamate.  Unlike free chlorine or
chloramine, it seems to be more cffee-
tive the greater the pH value,

The chemistry of chlorination of
sulfamate is not exactly as Mr. Mur-
ray has deseribed it According to
Dr. Gorchev's findings, the rate of
formation of dichlorsulfamate is so
much faster than that of monochior-
sulfamate at usual water pH values
that better than 90 per cent dichlor-
sulfamate s always obtained nitially,
even with sullamate-to-chlorine ratios
as great as 10: 1.2 The mixture will
gradually revert to the less active
monochlorsulfamate over a period of

days, hut this u.utmn is of hxtk Sig-
nificiee iow ater treatiment.

The observation that  dichlorsul-
famate is considerably more active
chemically than monochlorsulfunate
is a valid one.  Delaey ¢ found that
when anmmaonia was added to solutions
of NCLSO," the reaction

NCLSO: 4 NHa= NHCISO, + NH.C1
oceurred fairly rapidly, indicating the
chemical activity s great cnough to
convert ammonda to chloramine,  In-
cidently, the germicidal nature of the
solution increased as this reaction oc-
curred showing that the NH_C1 is the
more active hictericide.  On the other
hand, wonochlorsutiaimate  could be
left in contact with anwmonia for days
without indication of any transfer of
chlorine to ammonia.  The mono-
chlorsulfamate in neutral  solutions
presumably has a lower redox po-
tential than chloramine.
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A CORROSICN MMMSITOR PROCESS FOR

IRROSION of metallic plumbing

in domestic (potable) water sup-
plic is difficult to control because only
cert in  nou-toxic substances at Jow
dos se levels can be emnployed.

In! pilor Application .

“ne inhibitor is designed for use
b}' water treatment pl:mts to control
(b corrosion of both municipal and
dc iestic  water  plumbing  systems.
W cn it is applied to a corrosive wa-
te: it passivates the surface of a metal
be anse it lays down a controtied film
of nsoluble zinc phosphate.

“he process will protect the com-
iy metals against varjous (vpes of
o rosive waters ranging [rom acrated
s meteorolegical 10 high total dis-
s -ed solid water supplies.

Ir. :ibitor Formulation

\ mixture of materints which has
. ven successful as a corrosion inhibi-
10 consists of 3 mole parts zinc sul-
fa . 2 mole parts sulfamic acid and 2
m le parts monosodium orthophos-
ile:

=

370806 4+ 2 HNH:SO; + 2 Nall:POy =
4 132 194.20 240.00
Z03 (P00 + 2 NaNH S0, + 3 11:504
386.10 238.18 294.42

A . aqueous solution containing 1 u
of zinc per gal can be prepared by
ac ling a 50 u composite of the in-
g: dients 1o 8.25 gal of water:

ZnsS0, - HO0. ... .. 2165 10

HNHS0w et 10.00

NallyPOuven o ceeee it 12.35
50.00

Thae inhibitor solution has the follow-
itz physical characteristics:

Color..coovieionns water white
Baume........... 152 @ 20 C
pHo e 1.0 @2C

Ten gal of the above 5 Ih/gal solu-
tion applied to 1 mil gal of water will
furnish a zinc level of 1.2 ppm.

Inhibitor Dosage

Dosape of the inhibitor to a cor-
rosive water should be applied initially
to within 2 1o 3 ppm zinc. This

COD DIIDBACIC A s semas ol 77T e e

OTIESTIC WATER

W. Bruce Murray

A technique of corrosion inhibition us-
ing a special mixture of zinc sulfate,
sulfamic acid, ond monosodium phos-
phate, which will minimize pitting and
tuberculation, is described.

dosage should be maintained for a
length of time as dictated by the
level of zinc sampled at some remote
point in the distribution system. When
it has been determined that the zinc
residual has approached the applied
dosage, the zine treatiient rate to the
water should be reduced to a continnous
dosage of 1 ppm. The estimied length
of time required for the iuitial dosage
to passivate a distribution system (in-
cluding “customer” phunbing) is 3 wk.

In some highly alkaline waters it
may be necessary to add 0.5-1.0 ppm
of sodium hexamelaphosphate so as to

prevent the precipitation of calejum car- -

bonate (threshold effect).  Calcivm
carbonate scale must not be perimitted
to formn bLecause it weakens the filin
protecting properties of the zine phos-
phate, and seriously impairs its "ef-
ficiency as an inhibitor.

Safely

Use of the inhibitor solution at dos-
age levels of 2 ppm Zn or less has
been approved for a public water sup-
ply by the Health Department of the

_ State of California.

After -2 yr of application to the
distribution system of the City of Long
Beach (California) Water Department
at a zinc dosage level of 1 ppm, the
health department of that city has re-
ported no unusual incidence of gastro-
intestinal disease or any other water
related discases.

Theory of Passivalion

To explin the theory of passiva-
tion, consider that the inhibitor at a
dosage of 3 ppm zinc or less is being
applied 1o a slightly acid to slightly al-

659

kaline water (pH 6.5-8.3). Of the
jons contained in the inhibitor (zinc,
sodium, hvdrogen, phosphate, sulfate
and sulfamate )the zine and phosphate
ions instamtly precipitate in the water
environment as colluidal zine  phos-
phate:

3Zn% 4+ 2103 = Zus(POD: 1

This compoeund is so fincly divided that
it resists sertling from the bulk of the
clectrolyte and it can only be removed
Ly centrifuging and ultrafiliraticn. The
zinc phosphate particle is non-polar,
non-jonic, rhombic and it has a specific
gravity of 3.998, In the freshly pre-
cipitied state, zine phosphate has a
very important characteristic in that
it adheres as a thin film to most of the
common plumbing materials, te., met-
als, glass, plastic or rubber, This
il attaches itself so finmly (o these
substances that it eannot be washed or
rubbed off. Tt is of course subject to
mechanical abrasion, and in the pres-
ence of a minesal acid or a strong fruit
acid it readily dissolves.  Metallie pipe-
lines in plumbing systems are subject
1o zine phosphate fitlm deposition be-
cause the particles are progressively
removed from the Mowing water strean
by collision with the pipe wall. Metals
are protected from corrosion since zinc
phosphate is insoluble i water it all
concentrations and as such it restricts
the corrosive effects of the gases, dis-
solved oxygen and carbon  dioxide.
Previously rusted or corroded metals
are alsa protected against further at-
tack through film fornition on the
surfaces of tubereules or ether deposits
which prevents ion and gas diffusion
to the base metal.

Observation of metallic specimens
which have been exposed to the in-
hibitor treated water for a weck or
longer indicates only a slight foss of
sheen.  Metal grain, seratches and code
stamps can clearly be identified under-
water yet when the specimen is per-

A paper submitted to the JOURNAL on
Oct. 28, 1969 with subscquent rewisions,
by IV, Bruce Muwrray (Active Member,
AWWAY, Waler Quality Supervisor,
IWater Dept., Long Beach, Calif. [R]
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mitted to air dry, the fine white film
of zine phosphate can be observed. Re-
peated exposure of the specimen to the
inhibitor treated water has shown no
increase i specimen  weight  which
would seam to indicate that once a film
is formed it is stable and will not con-
tinuously deposit on itsclf.

The most siguificant factor about the
inhibition process s that in controlling
corrosion through the deposition of zinc
phosphate the water supply is no Jonger
dependent upon the facturs cffecting
calcin carbonate equilibria,  TFor ex-
ample, a recent test conducted on Aug.
1, 1970 has demonstrated that zine
phosphate will deposit from a high to-
tal dissohved solids water (Colorado
River water) at any pH from 5.0 to
&4 and still alford protection to mild
stee! throughout the entire pll range.

The sulfumate in the inhibitor tightly
binds free ehlorine so that it theoreti-
cally cannot be a factor in corrosion.
Chlorine, used by most municipalities
as a disinfecting agent, is stabilized by
the sulfumate iom according to the
quantity of ¢hlorine present:

monochlorosulfamate jon
OCH 4 NSOy = NHCISO™ - O 2
dichlyrosulfanate ion

20CY + NH:SOy™ = NCLSO™ 4+ 20H7 3

A number of tests, conducted by the
Long Beach Water Dept. laboratory,
indicate that with a 24 hr contact time,
a total bacteria kill was observed with
zine sullamate at 0.5 ppm chlorine,
whereas without  the juhibitor  twice
the elilorine concentration was required
to achieve the same effect (sce Table
1), Siuce the phosphate contained in
the inhibitor might be a nutricnt for
buacteria, a dichlorosulfimate residual
{one to two mole ppim of chlorine per
mole ppm of sulfamate ion) should be
maintained in the distribution system,
An advartage of maintaining a di-
chlurosulfamate residual s that it per-
mits a much higher chlorine content
without consumer complaint of chlo-
rinous taste.  With the adoption of the
inhibitor program in 1967, there has
been a cessation of taste and odor com-
plaints derived from  stagnant  water
condigions in the dead-end sections of
the distribution system as a result of
the dichlorosulfamate chlorine residual.

Specimen Analysis

The effcctiveness of the corrosion in-
bibition process can best be detected
by specimen observation. At frequent

W. BRUCE MURRAY

points in the distribution system, par-
ticularly in the outer fringe areas,
galvanized iron and black iron nipples
should be placed in both hot and cold
water lines between compression cou-
plings.  Compression couplings - are
used so that the nipples can be
casily removed and reinstalled with-
out dumage by plumbing tools. TFor
a %-in. service a uipple length of
3} in. is convenient because it permits
the nipple to be weighed with a sensi-
tive balance to an accuracy of four
places.

Nipple observations in which the in-
terior deposits are not removed but
simply air dried prior to weighing,

should be conducted monthly.  An ac-
cumulative  weight  history of cach

nipple, along with a brief description
of the fihn or deposits found, is im-
portant becanse it determines whether
a system is passivated, whether there
are mbercules, and if a film formation
is of uniforn: thickness.

Assuming a § in. X 31 in. nipple,
the corrosion rate or metal loss (or
gain) in milligrams per square diam-
eter per duy (1) can be computed
as {ollows:

. Grams loss (or gain) X 1,000
MDA s S e e e e e e
0.3701% X days exposed

_;_‘(‘-r:\ms loss (LII'.E-I.IH) X 1,735

ditys exposed
Distribution System Experience

The City of Long Beach in 1962 was
troubled with a pitting type of corro-
sion in a blended water portion of the
distribution  system, and a  plugging

* Nipple arca (inside) in square decimeters,

— Acid Reservoir
(! Gat Cap)

o

Wallace and Tiernan \
Elecironic Pump

Plastic Tubing (4 in) <5

Zine Sulfamate-Phosphoric

. Tat Form

Jour. A1V 4

type of corrosion in the remainder of
the system, Colorado River water wag
used in a 50 per cent blend with loc
treated well water in the section of the
city experiencing the pitting  while
straight Colorado River water wa., re.
sponsible for the plugging cond: ion,
The reason for the sudden increase in
corrosion in 1962 wus because the city
was suddenly limited to the amou- t of
well water it could produce at that < 'me,
and the required volume of water had
to be made up with additional Colo.
rado River water, increasing its  on.
tent from 5 to 350 per cent. Scale ind
tubercules were present in the moing
along with red water (rust) in the
dead-end portions of the distribt ion
system, - As many as ten complaint . of
pitting were received per day arla
full time flushing crew was requred
to combat rust, taste and odor ¢ m-
plaints.  The problem was further in.
tensificd m the blended water sys wm
by the high chlorine demand of Le
water which fuiled to support a post
chlorine dosage of 3 ppm. Cautic
soda, lime, sodiwm silicate, sada o,
phosphates, and other forms of conv n-
tional treatment were applied to  he
waters as a solution to the problm
from 1962-67, hut these were found to
be ineffective and actually intensit «d
the corrosive attack.

Testling Program

A scries of 208 tests were eomductd
with Calorado River water and its w it
water biends during an inhibitor ce-
vcloprient period beginning in 19(2,
Culorado River water was chosen as tie
target water because of its extreme cee-

2-in. dia Plastic Tube, 24-in. Long
18-in. Belween Inlet and Qutlet

Mild Steel
Specimen
(Linx2in.x s in) \

Tygon Tubii g
(kiny

—————,
Colorado Rivet —yw go——ro———" -!_—1.\_\...___
Water Dole
Conlrul Valve
(1 gpm)

Beaker

Milg Steet
Specimen
(1 In.x2 inx L in)

Fig. 1. Corrosion Test Apparatus
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0o 1970 DOMESTIC WATER CORROSION INHIBITOR 601
TABLE 1 10 —
Zinc Sulfamale Disinfection Test -~
Test performed on a blend of treated well water and Colorado River water.
- Number of Colonjes
Cl: Zn* o Het (iran)
s o 1 min 10 min 1 hr 2hr 6 hr 1 day 2 days 3 days oy h—’d
- 1 —_— Z*""‘ o O~k L
0 Lt 22,100 } 21,600 | 19,200 | 19,140 § 19,200 | 29,500 | 24,800 | 25,000 ~ T RRaA T - Cold dron)
01 ] U 15,600 | 14,3500 | 12,500 | 12,000 500 %0 | 12,000 | 1700 F 0 F=TF —
0.7 ] 12,550 | 10,400 6,660 6,160 10 21 370 | 14,200 a3
1.1 0 10,100 9,200 260 19 3 0 0 6,500 £
2.1 0 520 20 300 8 8 210 8,300 | 28,200 3
3 (] 70 2 6 2 18 130 | 11,700 | 15,800 ® SRS { S
— e S e 3
0 1.0 16,800 § 14,300 | 13,200 | 16,200 | 16,200 6,400 4,500 7,000 z o1 /;\Ix\c.—'d?"'
0ol 1.0 4100 | 3400 | 2,300 380 0 0 0 60 Rl 50 5 0 et 1 G e i e i
v 5] 1.0 3,000 | 1,900 175 8 1 0 0 28 N AR ;;-,f,m (Got. trom)—
1. 1.0 100 29 12 6 2 0 0 9 ==
2 Lo 6 17 4 G 0 G 0 8 1/ 7 \ j—‘{
3 1.0 N 4 0 0 0 0 0 63 " ! 7
k . ]
— 1/ T
* As rinc in inhibitor, [ 1
. . 0.01 ol
ro nity tometals. This water will cause  example, a recent 30-day test using o 2 . n‘:ooo 6 8
. - . . b . “q . uFix1,
i1 to rust in 15 min aud mild steel  the zine sulfamate-phosphoric acid in-
sp vimen corrosion rates of 130 mD*d  hibitor with Colorado River water at a2 Fig. 3. Iron and Galvanized Iron Nipple

ar- not unconunon in test specimens
reroved from the distribution system,
Ci orado River water is partially zeolite
so cned o an average hardness of 140
pi n. It has a total solids content of
75 ppm, chloride and sulfale contents
of 125 ppm and 310 ppm, respec-
tiv Jly, and a pH of 84, The water is
o> cen saturated at 10 ppm (18C).
figure bis typical of the apparatus
o ployed for Jaboratory testing of vari-
ot s inhibitor solutions. A typical inhib-
it » lasted 30 days in which 43,000 gal
of water were processed.  Specimens
w re weighed to four places at the start
a1} conclusion of a particular test and
thir weights compared to a control
s wcimen in order to determine the ef-

fiiency of a certain inhibitor, As an
LT
\'k

H \
{10 \..__
1 h— S, Y
’ \

1

0 1 2 3

Current - ma

Fig. 2. Current Versus Time for a Copper
Iron Couple In Colorade River Water
Doscd With Threco PPM Zinc Inlhibitor

dosage of 3 ppw zine 4- 4 ppm phos-
phoric acid for seven days, followed
witl a one ppm zine dosage and 3 ppm
phosphoric acid, yielded the following
test data:

Untreated (control)
specimen—88.17 mD3d
Treated specimen — 4.55 mD*d

The above represcuts o 948 per cent
reduction in corrosion rate.

In a laboratory test conducted Apr.
30, 1969, it was demonstrated that the
inhibitor at a 3 ppm zine dosage pas-
sivated iron coupled to copper. In
this experiment; two $-in, diameter
bars of copper and iron were placed
in parallel ¥ in. apart in a flowing
stream of Colorndo River water, using
the apparatus of Iig. 1. A Simpson
#209 multitesting meter was clectri-
cally connected lietween the electrodes
and the current was measured periodi-
cally.  Figure 2 summarizes the results
of the test in which it can be ob-
served that the current between the
couple fell to 50 per cent of its initial
value in about 20 hr,

Inhibitor Application

In June 1967, after recciving per-
mission from the State of California to
use zinc sulfamate in a public water
supply, a dosage of 3 ppm zinc as zinc
sulfiunate  was applied to both the
straight Colorado River water and the
blended water systems for a period of
2 wk. At this time, the zinc was re-
duced to a 1 ppm level of both water
supplics, a value which has been main-

Weights in a Blend of Mot and Cold Calo-
rado River Water and Local Well Water

tained continuowsly up to the present
time.

As a result of this program, plumb-
ing pitting aud tuberculation complaints
have bLeen virqually eliminated.  Tron
residuals at the extremities of the dis-
tribution system have been less than
0.04 ppm. The vorrosion rate of mild
steel specitiens placed at certain fire
stations  throughout the  distribution

Dt e e Rt s o |
H - : RO S

,
el o e b e < vl bt e

¢
T e - 4.4

"-, ’ i N .
3 ‘m’f EAIRN . . ‘.i
‘45‘4} . Fma— ‘-i

e s 23 1 N
fro ) t.am“‘%“.i: { -
h et
Lo 3 ’ {‘"4

| R B Y

SRR TN RN o K v

t: e -'3'3‘ ta, . l‘. v \i,m;* N (:'" 4 ‘. l .

Fig. 4. Fflectiveness of Zinc Orthophos.
phate Inhibitor on Reducing the Corrosiv-
ity of Colorado River Water

The carbon steel coupons above twere
cxposcd fo a 0.5 gpm stream of Colorado
River water for 30 duys nsing the tubular
test apparatus, The corrosion rate of the
control specimen swas 85.7 mdd while the
inhibitor treated specimen twas less than
1.0. Scale analysis indicated that the
freated specimen had been zine phospha-
tized, The testweas concluded on 8-14-70.
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systam have indicated up to a 95 per
cent reduction in corrosion over the
previous conventional treatment proc-
esses.

Figure 3 demonstrates that the zine
filming tendency of the water s uni-
form. In a test with the blended wa-
ter in the distribution system, scts of
black iron and galvanized iron nip-
ples were placed before and after a
75 gal capacity hot water tank*  The
period represented by the graph is ap-
proximaicly ten months. At the con-

* Temp.---150F,

W. BRUCE MURRAY

clusion of cach 30 day exposure pe-
riod, the specimeus were air dried,
weighed, and reinserted into the svs-
tem using compression couplings.  The
curve shows that the thickness of film
formation is sclf-regulating,

Summary

A method of metal corrosion inhibi-
tion for domestic water systems has
been described which involves the use
of a solution composed of zine sul-
famate and phosphate acids.*

‘The inhibitor, applied to a corro-

Jour. AW Wy

sive water at a dosage of 1 to 3 ppm
of zinc passivates the surface of a cor.
roding metal by depositing a zinc plios.
phate film over the suriace of the m:-1al,
thus preventing the diffusion of DO
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Taste and Odor

Control With Sulfamic Acid

W. Bruce Murray

The author of the inilial article reports briefly about the exploitation by

his company of a chanced-upon

phenomenon. Prior to 1967, some

cusiomers were bethered by tasie and odor; the addition of sulfamic

acid has since rosolved the utilit

y's dilemma. The two articles that

foilow tite icad ona are commentaries: The first of the two confirms
the results of the main article; the second reports that there may be
some detracting aspects to an otherwise promising procedure, -

The benefits of sulfamic acid were
experienced by chance by the Long
Beach Water Dept, in 1967 when it
was applied to the water supply as a
key ingredient for corrosion inhibi-
tion,'  Prior to 1967, a free chlorine
residual of 1 ppm would have heen
nonexistent I-mi (0.6-km)  distant
frum the outlet of the blended-water
Jdistribution reservoir because of the
high organic demand.  Musty taste
and odor would he noticeable in cer-
tain scctions of the city where a chlo-
rine residual was difficult to maintain,

Then, too, a second typical customer
complaint was the noxious odor of hy-
drogen sulfide gas, which was pro-
duced hy the oxidation and reduction
of hacteria in  magnesium  anode-
cquipped hot-water tanks.  Flushing
programs were practiced in an attempt
10 draw fresh chlorinated water into
problem scctions of the distribution
aystem.  Inereasing the chlorine re-
sduals to values greater than 1 ppm
{mg/liter) generally produced cus-
tomer complaints of chlorinous taste
and odor in the immediate vicinity
of the reservoir discharge,  Although
there was no evidence of bacteria of
intestinal origin (E. coli), most sam-
Ming locations throughout the distri-
bution system indicated bacteria con-
centrations “too nwmerous to count”’

(TNTC). :

APRIL 1972

After receiving permission to use
sulfamic acid in drinking water from
the State of California, its application
to the treated water provided an un-
expected solution to the taste-and-
odor problem. Used in conjunction
with chlorine in a connnunity water
supply. sulfamic acid has some inter-
esting applications:

1, It isan effective sterilizing agent.

2. It provides stable, long-lasting
chlorine residuals.

3. Tt permits the use of large chlo-
rine residunls—ie., 2-3 ppm—with-
out public detection, ;

4. Tt prevents the oxidation of man-
ganese and the {formation of c¢hloro-
phenols.

By prolonging combined chlorine
residual i the distribution system
(particulatrly in low circulation or
stagnant arcas), taste and odor are
sharply reduced indirectly with the
destruction of bacteria and  certain
witter-main growths,

The change in the water supply was
due to the fact that a 1.5-2.5-ppm
(myg/liter) post chlorine dosage, ap-
plicd-with a I-ppm (g /liter) dosage
of sulfamic acid, was detected as a
0.5-1.2-ppin (mg/liter)  combined
chlorine residual throughout the en-
tire distribution  system.  Bacterial

. counts were reduced to less than 20

972

as a result, and there was a complete

cessation of hydrogen sulfide hot-wa-
yerog

ter-tank-odor complaings,

Chemistry and Dosage

Sulfamic acid is a dry, white in-
orgattic crystailine powder that has a
strength approaching  sulfuric  acid,
Tt is most casily applied by forming
a d-h/gad (3-kg/Miter) solution and
injecting it into the water supply with
a metering pump, The mnterial can
be used aiong with post chlorination
at dosages ravging from § to 3 ppm
{mg/iiter )—a desage of 1 ppm (mg/
liter) heing typical.

Chlorine is stabilized by the sul-
famiate o according to the quantity
of chlorine present. A dichlorsul-
famuate jon is produced when 2 mole
parts of chlorine are combined with 1
mole part of sulfamate:

20C1 4 NHS0,~
= NCESO:™ + 200~ (1)

1 mole part of chlorine (or less)
is entered inte solution with 1 mole
part of sulfamate, a monochlorsul-
fiwate fon is formed:

OCI= + NH.S0;~
= NCHHS0,- + OH- (2)

The two combined chlorine end
products have entireh different char-
acteristics.  The dichlorsulfamate re-
sicual possesses an oxidizing capahil-
ity cquivalent to that of free chlorine,
This fact was demonstrated by com-

A paper presented at the California Sec.
Meeting on Oct. 23, 1971, by W. Bruce
Murray (Active Member, AWWA), vice-
chairman, Water Quality Div., Water Dept.,
Lang Beach, Calif.

W. B. MURRAY 259

paring the blcaching rates of the ma-
terials on the organic dyes thymol
blue and methy! red.

The dichlorsulfunate has the unus-
ual feature of a slow-release oxxd.r/.cr.
which functions at a rate proportional
to the amount of organic matter pres-
ent.  Since it is also a less hn.rsh
bleaching agent than f{ree ch}ormf:,
the dichlorsulfamate formulation s
used by industry to prepare cotton,
wool, and paper goods. .

The monachlorsutfumate rcsn(l}\:\l,
on the other hand, displays very little
oxidizing  capacity and fn_rms slow
color-development end points upoen
the addition of arthotolodine. {\1-
though both types of chlurin.c resid-
wal are effective in sterilizing and
disinfecting water, the mmmchlors‘ul—
famatte residual with its low Oxi(l:\-tmn'
potential should be used in waters
containing manganese  or phenolic
compounds.  Tron is unfortunately
oxidized by this product but at a

considerably slower rate than free
chlorine.

Summary

Sulfamic acid at a dosage of 1 ppm
(mg/liter) in a domestic water 1in
combination with post chlorine dos-
agesof 1-2) ppm (mg/litc.r) will pro-
vide an effective long-lasting chlorine
residual that disconrages the forma-
tion of taste and odor in the domestic
water.

Relerence )
! H ibitor
1. Mukray, W. B. A Corrosion Tohi t
for Domestic Water, Jowr, A1 A,
62:10:659 (Oct. 1970).
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National Academy of Sciences. 1972
Annual poundage dete for NAS appendix A
substances (Croups I & II) Table II, Part A)
Comprehensive GRAS Survey... NAS/NRC 1972



National Academy of Sciences, 1972
Pogssible daily intakes of NAS Appendix A
substances {(Groups I & II), per food category
and total dietary (table 13, Part A)
Comprehensive GRAS Survey ... NAS/NRC
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National Academy of Sciences. 1972

Usage levels reported for NAS appendix A
substances (Group I) used in regular foods
(table 2)

Comprehensive GRAS Survey ... NAS/NRC

[

AWy



National Academy of Sciences, 1972
Usage levels revorted for NAS appendix A
substances (Group II) used in infant formula
products snd baby foods (B) (teble 3)
Comprehensive GRAS Survey ... NAS/NRC 1972
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REM@OVAL and CLEANING PURPOSES

)

m ﬂme BREWING INDUSTRY

. .

TP FERSTONE removal has always

beerr & problem in the brewing
fudnstry and most of the strong acids
- euifuric, pitric, and hydrochlorie-—

have been used for this purpoze, For -

wine months we have been experds
menting v ith sulfwnic acid, an acid
that is hichly effective in dissolving
becrstone and which may be new to
Lo Diewing in - '
the brewing industry.

Sulfamic aeid has the chemical

formula HO-SOL-NH.. It is a crystal-

line product that is nou-volatile, non-
hygroseopic and odorless. The acid is -

soluble in water to the extent of 24.2
gm. per 100 gm. (about 2 b, per
gallon of water) at 25¢C. (77°F.).

The solubility almost' doubles in water .
at 80°C (176°F.), (47.1 gm. per 100
gm. of water or a little 1ess than 2 :

“) per gallon).

Since the acid is a dry product it
is readily and safely slor{‘d Dissolved
in water, however, it becomes a
_strong, highly jonized acid as Fig. 1

shuw ‘A 0.5 moalal solution of :ul

famic acid (4.85%) has a pH of 0.0 .

while a suMuric acid of similar
strength has a pH of 0.25, both very
low pH values, indicating very strong
acids compared to lactic acid for ex-

Picure 1, and Tablae 1 and I are takea from
lteratyre  supplicd by  Gracselli Chem)rah Dept.,
E. 1. DyPont deNemours & Co., lnc., Wilmington,

el

AMERICAN BREWER Ociober 1953

By J. Fred Neumeister Sr.

Master Brewer

Diamond State Brewery, Inc., -
W||mmgton, Del. .

s

b

dll]plt, in which a 0.5 molal =olullon

(4.5%) has a pH of 2.1.
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~ Effect on Metals

«» Corrosion of metals by sulfamic .

- acid solutions goes on at a slower

rate than mth other strong acids.

Even copper is less strongly dltackcd
by sulfamic acid than by sulfuric acid
so that the danger of injury to metal
. equipment is rcduced when it is used
for Deerstone removal. On the other
hand the sulfamates or salts of sul-
famic acid arc all highly soluble in

" water, a property favoring its use

for solution of the calcium com-
- pounds common]y occuring in beer.

‘stone.
- When dllutcd one pmmd to four
gallons of water, sulfamnic acts at a

. surprisingly fast rate on beerstone in

Mammuted or glass-lined tanks. The

" solution is brushed over the tank lin-
ing with a tank brush. The usual
* cleaning operations follow after an

hour’s contact of the acid with beer-
stone. Approximately 90% of the
beerstone disappears in this first ap-

‘ " TABLE 1
- : ~ SOLUBILITY OF INORGANIC SALTS .
..+, -. .GRAMS SALT PER 100 GRAMS OF
R . * WATER AT 25°C. _

Sullamate Nitrate Acetate "~ Chloride Suliate
Ammonium 216 2142 204 393 76.7
Sodium 125 81 . 80 RIS 28
Magnesium 112 75.4 5.5 56.7 26.8
Calcium 79 138 342 90 0.208
Barlum 29 104 77.3 37 0.00028
Zinc 115 126 4.5 425 . §7.8
Lead 218 58 55 1.08 0.004

43,
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pH. CONCENTRATION CURVES COMPARING
SULFAMIC ACID WITH OTHER ACIDS

4.0

pH. OF AMMONIUM SULFAMATE SOLUTIONS

Preed

RELATIVE

AQUEQCUS SOLUTIONS OF ACIDS AT

: 72°4-4°F, :
SULFAMIC ACID :== 1.0

TABLE 11
CORROSION RATES OF 39

Metal Sulfuric Acid Hydrochloric Acig
1010 Stewi 2.8 4.2
Cast Iron 32 3.2
Galvanized Iron 83 ~ RC
Tin Plale 81 R 1
304 Stainless 10" VR
Zinc .22 © RC
Copper 1.5 67
Brass R 1.5 v 2.8
Bronze ’ 4.0 ‘ 7.0
Alumi s - 53

1 1 3 4 3 ¢ 7 3
PER CENT OF My, SO MH, N SOIURON .

, AJETIC

» LACTIC

pH. OF SCLUTION

enIC
CITRIC

L

TARTARIC

PHOSPHORKC
LAl

—

¥ O)KCALIC

¥ S‘UL FAM!L

0.5

i -mL-_

Aone
2~ WYDROCHIORIC and NITRIC

...““‘"h._. e

SULFURIC # o —t—

0.1 0.2 03

0.4 0.5 06 07

MORES PER LITER
Fig. 1

plication and a second application
removes the remainder of it.

Solution Percentages

Since the first use of this solution
containing one pound of sulfamic
acid to four gallons of water (3%
solution)}, a 295 solution (26 oz. to
ten gallons of water) has kept the
beerstone under control. For use on
glass-lined tanks a solution of 150-
160 deg. F. has quicker action on the
deposit. A mixture of sulfamic acid
and yeast is also useful (to insure
proper coverage of the tank surfaces).

Stainless steel and aluminum kegs
can be kept free of beerstone with a
dilute sulfamic acid solution. Con-
centrations of 0.2 to 29 (2.6 to 26
oz. to 10 gallons of water at'150-

“

160°F.) circulated through the kegs
for ten to thirty minutes will usually
do the job. After this treatment put
the keg through the washing machine.
A paste of yeast, sulfamic acid and
waste diatomaceous earth ¢from beer
filtration) makes a good copper
cleaner. A solution of 4 oz. of acid
per gallon of liquid should be used.
The mixture has been applied to
kettle and open beer coolers with suc-
cess and less effort than is required
for many cleaners of this type.
Because of the many variations in
equipment, composition and heavi-
ness of beerstone deposits, and pref-
erences in cleaning practices, precise
recommendations for every cleaning
job cannot be given. The range of
sulfamic acid concentrations and tem-

RC := Rapid Corroslon - .
VR == Very Resistant

—

peratures that are mentioned above

should be adequate to cover ‘most

situations.  Additional - experiences
with the acid will find it adaptable

" to many places requiring an acig
cleaner. oo e

Because the acid is dry and crystal.
line, - breakage and spillage causes

“little oss and wo damage. The dry

crystals do mnot irritate the skin hy
simple contact but moisture makes
them irritating .and .they should be
removed by flushing the skin areas
affecled with water. Sulfamic acid
has a very low order of toxicity, Nor.
mal rinsing should remove all of the
acid; however the amounts that
might remain in beer through inguf.
ficient rinsing of a tank, for example,

" would be unlikely 1o affect either the

beer or a cousumer of it,

The acid is available i;l 400 . "

barrels and in.50 and 100 Ib; fiber
drums. - I

.. . RS _::"‘
Annual Reporis Cited -
Fourteen brewipg companies were

among the industrial corporations

and financial institutions which re-
ceived the merit award of.the Finan-

cial World for producing informative

annual reports for 1952, The cou-

panies are: BRI YR
Anheuser-Busch, Inc. Lo

- Drewrys, Lid., US.A. .. .0
Falstaff Brewing Corp. T RS
Fort Pitt Brewing Co. gl
Frankenmuth Brewing Co. = ' NS
. Goebel Brewing Co. SO
G. Heileman Brewing Co,' .- . -3
Lone Star Brewing Co. - -
Minneapolis Brewing Co. .
Pleiifer Brewing Co. oW T

- Jacob Ruppert
Sicks' Breweries, Ltd. ’
Sicks’ Seattle Brewing & Malting Co.
Sterling Brewers., Inc,

One company in the industry will
be selected from them by a board of
judges to receive a bronze “Oscar of
Industry™ trophy this month,

AMERICAN EREWER Octobar 1990
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THE PRACTICAL DISINFECTING VALUE OF SOME ACIDS AND

AS REVEALED BY THE A.0.A.C. USE-DILUTION TEST

ALKALIES

by L. F. ORTENZIO, J. L. FRIEDL, and L. 8. STUART  ~ . .=
Bacteriological Unit, Pesticide Regulation Section, Plant Pest Control Branch ) ’ '

Washington, D. C. oo S L
Delivered by L. S. STUART Lo P e

Various acids and alkalies are commonly sold as disin-
fectants. It has been recognized for a long time that the
evaluation of such materials by the phenol coefficient proce-
dure does not provide a very reliable index to the necessary
concentrations for effective disinfection in actual use. Thus,
following the development of the A.0.A.C. Use-Dilution
Method! ali official samples of such materials collected in
connection with enforcement activities under the Federal In-
secticide, Fungicide, and Rodenticide Act have been checked
by this procedure, In general, it can be stated that the results
have correlated very well with the practical use recomnmenda-
tions which appear in the literature, although the end points
have been at considerably higher concentrations than those
obtained in laboratory dilution tube tests. On a few points,
the results have been at variance with commonly accepted
beliefs. These have been investigated carefully, and it ap-
pears that comparisons based on Use-Dilution Method results
may bring into focus certain practical limitations with these
materials not heretofore clearly understood.

For example, MeCulloch? reporis that “Whitewash made
from quicklime and used before the carbon dioxide of the

It —— e . »"' ok ,
carbonic acid from ‘the air and is converted into carbonate
of lime, which is the same as marble and almost totally
worthless as a disinfectant.” -~ . . '

No consistent.differences could be found in the Use-Dilution
Method results between various “milk of lime” preparationg
made from freshly slaked CaO (reagent grade), Ca (OH)
(reagent grade-—carbonate free), freshly slaked commereis
samples of quicklime or commercial samples of hydrated lime
containing up to 50 percent of carbonates, In EVEry case, the
preparations failed to disinfect. Some of the results ape

shown in Table 1, .
The results in this table indicate that “milk of lime” made

from freshly slaked commercial quicklime and commercia] -

hydrated lime may, in some instances, have more sniibac.
terial activity than “milk of lime” made from freshly slaked
chemically pure Ca0O or reagent grade—carbonate free
Ca(OH),. Inasmuch as both Tilley and McCullach are known
to huve been caveful investigators, it must be ussumed thst
both lesied at various times “milk of lime” preparations nngd
found them to be effective germicides. Thus, it seems prohshle
that much of the quicklime made in the early part of ihis

TABLE L ‘ e

Results Obtained in the A.0.A.C. Use-Dilulion‘ Method, Using
choleraesuis with Various “Milk of Lime” Preparations

T

g Snlmm.]ella."."-. P

Sample Alone Sample 4 129, NaOH = . . " .+ e
No. of o. of No. of No. of No. of No.of , - A
Material Used* Rings Rings Rings Rings Rings Rings . R [
Tested Pos.  Neg. Tested Pos. N_ez. L ® £ T
- - ‘x tv“.‘; . T
CaO (reagent grade) 10 10 0 00 0 g0
Ca(OH), (reagent grade—CO, free) 10 10 0 10 Y S 10 o :
Commercial Quicklime 10 8 2 10 0 L
Commercial Hydrated Lime #1 10 T 3 10 I (e T '
” ” "2 10 10 0 10 0 100 T
» » 43 10 8 2 1. .0 10
" » L7 10 10 0 10 0, 10 ¥
» » "® o #b 10 8 2 10 0~ 10

air has converted the calcium hydroxide into caleium car-
bonate is effective . . .” Likewise, Tilly? states “Qrdinary
quicklime is one of the best and cheapest disinfectants. It
is not commonly applied in the form of quicklime, but in the
form of a thick mixture with water known as ‘milk of lime.’
The lime is first slaked by adding 1 pint of water to 2
pounds of quicklime. ... milk of lime is obtained by adding
4 volumes of water to 1 of the slaked lime and mixing
thoroughly. Lime that has been exposed to the air for a tong
time becomes air slaked; that is, it takes up moisture and’

70
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century carried impurities of a nature that made .“mﬂk‘ of
lime” preparations effective disinfectants, Ly
A study of the available analytical data on coxm.m’vl‘t_ﬂ»l
lime samples reveals very little in the way of specife i
formation on the nature of the impurities which might have
been responsible. However, it is known¢ that improvemenis
in the methods of burning limestone since 1900 inc]ude.tm
replacement of wood with coal in most of the vertical mix
feed kilns, the gradual replaccment of the mixed feed vertical
kilns with vertical kilns equipped with glre-boxes for bumning
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~$&al, vil ‘or n~tural gas—-more recently by center burning

fived kilns, and rotary kilns employing mechanically con-

" trolied oil or gas burners. The over-all effect of the above
.¢hanges has been improved chemical and physical control

pver the specific properties desired in various basic com-

mercial uses and the production of more pure lime. The old

* mixed-feed vertical kilns produced lime naturally contam-

. jnated with ash.

" It seems reasonable to assume that the ash contamination
where wood was employed as fuel probably resulted in quick-
Iime carrying a relative high percentage of K,0, and this is
the only minor ingredient other than Na,O to which germi-
¢cidal nctivity might logically be attributed.

- Btudies were conducted, therefore, in which small amounts-.

of NaOH and KOH were added to the lime samples listed
in Table 1, and it was found that the addition of 1.2 percent
of NaOH or KO on the basis of the weight of the hydrated
lime contained in experimental “milk of lime” preparations

. was suffcient to bring about a germicidal effect in every

instance. The results of some of these tests have also been
lisied in Table 1. White-washing tests on scraped boards
contaminated with chicken feces using the preparations listed
in Table 1 and the destruction of gram negative enteric bac-
teria as an index of cffectiveness gave excellent correlation
with the results reported therein. It seems evident, therefore,
that guicklimes containing appreciable amounts of potash as
an impurily could be expected to produce germicidal “milk
of lime' preparations. It is obvious, on the other hand, that
most guicklime and hydrated lime presently commercially
available cannot be relied wpon to preduce “milk of lime”
that will dizinfect in the absence of added lye.

Othier allalies which have been designated as germicidal
were also tested by this method using both S, choleraesuis and
M. pyogenca var, uurens. The results of these studies are
summarized in Table 2, .

. The resdlts in this table are in line with the generally ac-
cepted belief that gram negative organisms are miore sus-
ceptible o the action of strong alkalics than gram positive
organisms. 1t is interesting to note that the concéntrations
necessary to kill the gram negative organism in this method
ranpge from 2.5 to 7 times as high as the concentrations pre-

viously reported to be cffective against organisms of this -

type in dilution tube or phenol coefficient-type tests. Also,
that this test procedure appears to exaggerate rather than
depreciate the differences in effectivencss against gram nega-
live and gram positive organisms, IRV

' 1

‘ . TABLE 2.
i Germicidal Activity of Alkaline Salts

W | Ty .
** 0 Lowest concentration
Lo effective against

8. choleraeswis

) Lowest concentration
: S effective against
Alkatine Salts . M. pyogenes var, auresus

— i3

: . K . Percent v Percent
XoH . 0.5 ‘ 5.0
NaOH - - 0.5 : 5.0
‘ Na,CO, . 5.0 >30.0
“Na, PO, 12H,0 -~ 1.0 >30.0
Na,Si0, - 9H,0 2.0 . 5.0

> = grecater than

The results with sodium and potassium hydroxides are not
inconsistent with the recommendations of Tilley? for the use
of 2.0 per cent of commercial lye in disinfecting farm prem-
ises after outbreaks of virus diseases, fowl cholera and pul-
lorum diseases of young chicks. The results with sodium
carbonate and trisodium phosphate clearly emphasize the
tecessity of adding 0.5 per cent of sodium hydroxide to such
other alkaline solutions as 6.0 per cent of washing soda, 2.0

per cent of soda ash, and 2.5 per cent of trisodium phosphate
which on occasion have been recommended to disinfect when
they are applied at ordinary temperatures as has been pointed
out by Tilley.?

Some of the acids and acid salts most frequently encoun-
tered in commercial acid-type cleaning compounds were also
tested by the Use-Dilution procedure. The resulls are sum-
marized in Table 3.

TABLE 3.
Germicidal Activity of Acids and Acid Salis

Acid Lowest concentration Lowest concentration
ar effective against effective against
Acid Salt S, choleracyuis M. pyogemes var, aureus
Percent Percent
NaH SO, ' 2.0 10.0
CH, COOH 5O 7.0
CH, COOH
C OH (COOH) 20.0 >30.0
|
CH, COOH
(COOH), 1.0 2.0
H,NSO,H 2.5 5.0
H, SO, 48 1.9
H, PO, 17 4.3
HCl 2.6 2.6
H,SiF, 0.3 0.3
H, BO, Sat. Soln. Sat. Soln.
) ineffective ineffective

> = greater than

In Table 3, it is shown that 2.6 per cent of hydrogen chlor-
ide is necessary to give an end point in this method against
both gram negative and gram positive organisms, whereas
Ostrolenk and Brewer5 found 0.24 per cent effective against
S. typhosa and 0.7 per cent effective against M. pyogenes var.
cureus in a dilution tube phenol coefficient type procedure.
Thus it would seem that concentrations of from 3.7 to 10.0
times as great are necessary depending upon the organism
to kill in the Use-Dilution Method as in the phenol coeflicient
procedure.

A 2.0 per cent solution of sodium bisulfate was found to
be effective against the gram negative organism, and is the
concentration commonly recognized as necesary to obtain a
germicidal action in cleaning toilet bowls. A much higher
concentration of 10.0 per cent wae necessary to disinfect
against M. pyogenes var. aurens.

Acetic acid was an effective germicide against the gram
negative organism at 5.0 per cent and against the gram posi-
tive organism at 7.0 per cent. These findings are in general
agreement with those reported by Levine and Fellers (1940)6
and Nunheimer and Fabian (1940)7 for this particular acid.

Citric acid is a relatively weak germicide; a concentration
of 20.0 per cent was necessary to kil the gram negative
organisms, and 30.0 per cent was ineffective against the gram
positive organism in these studies.

Oxalic acid which is sometimes employed as a minor in-
gredient in commercial acid disinfectants for urinals and
toilets was effective against the gram negative and gram posi-
tive organisms at concentrations of 1.0 and 2.0 per cent, re-
spectively. These concentrations, while indicating relatively
high activity, are considerably higher than those reported by
Reid (1932)% as effective against S. typhosa and M. pyogencs
var. qurens using dilution tube tests.



Sulfamic acid appears to be twice as active against the
gram negative bacteria as it is against the gram positive
organism.

The results with sulfuric and phosphoric acids are particu-
larly interesting in that the former is more effective against
the gram positive organism than against the gram negative
species, whercas the reverse is true with the latter.

Hydrofluosilicic acid was the most active acid as a germi-
cide which was tested, 0.3 per cent being adequate to kill both
test organisms in the method. This acid has been proposed
for use in disinfecting wooden vats in the fermentation
industries.

A saturated solution of boric acid was not an effective
germicide.

SUMMARY AND CONCLUSIONS

“Milk of lime” preparations were found to be ineffective
as germicides contrary to claims made by accepted authovi-
ties. Indirect but substantial evidence has been presented
which suggests that the effectiveness of “milk of lime” pre-
parations in disinfecting, observed and reported by investiga-
tors in the earlier part of the 20th century, may have been
duc to impurities in the guicklime employed, probably potash
derived from wood employed as a fuel in mixed feed kilns. It
scems obvious that 1.2 per cenl of sodium hydroxide on the
weight of the hydrated lime or 0.3 per cent on a solution
basis should be added if “milk of lime” preparations ave to
be employed successfully as disinfectants.

The concentrations of other alkalines, acid salts and acids
required to kill the test organisms in the A.0.A.C. Use-Dilu-
tion Method were found to be considerably higher than the
concentrations found to be cffective by dilution tube testing
methods and reported in the literature. On the other hand,
they were more in line with the concentrations commonly
conceded to be nocessary o obtain practical disinfection of
inanimate surfaces.

The Use-Dilution procedure appears to provide a more
reliable index to the minimum concentrations of acids and
alkalies necessary to disinfect inanimate surfaces than dilu-
tion-tube methods.
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DISCUSSION  « -

QuEsTION : Dr. Stuart, in view of this presentation on the
quicklime, will that mean that new labelling on quicklime
will have to be taken care of either after a use-dilution test
is' made, or after a chemical determination is made of the
K,O0 or the Na,0 content? : -

Also, I don't recall seeing on the slides & control test in

which you took care of plain, ordinary Na,0 or K,0. hig

you have a control test without the quickiime? .

Dr. STUART: The control tests on sodium hydroxide ang
potassium hydroxide were shown in the second slide. W,
didn’t list themn in the first slide. ) - .-

I don't think anyone will question the fact that quicklime
will act as a disinfectant. The data presented was on “milk
of lime” or calcium hydroxide. From a regulatory staud
point, we have numerous manufacturers of land-slaked lime
who are occasionally looking around for an advertising gim-
mick, and they will put disinfeeting claims on these parkagssg
of lime. Of course, that brings them under the purview of

the Jaw which we enforce, and we have to investigate them -

to sce if they are germicidal. ‘

The interesting thing about it is that the theory whiek
is lnid down in the textbooks is that calcium hydroxide is in
activated by CO, and converted to insoluble carbonate, but we
can’t find that is true. We can develop no information to besr
out this contention. It appeared to us that the activity must
be due to some impurity since calcium hydroxide itself is not
germicidal. N . .

Actually, most lime manufacturers do not register their
products as disinfectants, i ' .

QuestoN: They don’t, but they sell it to the small fellow
who is in the disinfectant business.

DR. STUART: Our experience has been that when you csll
his attention to the fact that it is not,a disinfectant, he is,
willing to take the claim off the label. -
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SULFAMIC ACID AND SULFAMATES

Sulfamic acid, NH.,SO,0H, is the monoamide of sulfuric acid. It was a laboratory
curiosity for almost 100 years until new and practical methods of manufacture were
discovered in 1936. Rose is credited with the first actual preparation about 1836. The
pure acid was prepared later by E. Berglund.  Sulfamic acid is produced commercially
by reacting urca, sulfur trioxide, and sulfuric acid.

In 1957 the IUPAC Commission on the Nomenclature of Inorganic Chemistry
recommended the name “amidosulfuric acid” for sulfamic acid; however, the older
name is still in general use.

Principal applications of sulfamic acid are in metal cleaners, scale removers,
detergent manufacture, and as a stabilizer for chlorine. The salts of sulfamic acid are
used in flame refardants, weed and brush killers, synthetic sweeteners, and for clectro-
plating. Production is some thousands of tons annually for the United States. The
selling price for truckloads or carloads in 1968 ranged between $14.75 and $16.00 per
100 1b, depending on grade. '

Properties

Sulfamic aeid is a dry, nonvolatile, nonhygroscopie, odorless, white, crystalline
solid. Stability is the outstanding physical property of the acid. Infact, the crystals
may be kept in the laboratory for years without change, and are a convenient standard
for titrimetry. Other physical properties of the acid are listed in Table 1 (sce also refs.
1and 2). i

Table 1. Some Physical Properties of Sulfumic Acid

melting point, °C 205
density, g/cm? 2.126
dissociation constant, 25°C 1.01 X 10!
refractive indexes, 25 =+ 3°C

«a 1.553

5] 1.563

v ' 1.568

In aqueous solution it is highly ionized and strongly acidic. The pH of a 19, solu-
tion is 1.18. Sulfamic acid is moderately soluble in water; 14.68 g will dissolve in 100 g

242

060



Vol. 19 SULFAMIC ACID AND SULFAMATES 243

of water at 0°C and 47.08 g at 80°C (3). It is soluble in formamide, but insoluble in
most other organic liquids.

Sulfamic acid erystallizes in the orthorhombic system with a unit cell of eight
molecules. Tablets and compact prisms are obtained from cold aqueous solutions;
large, lozenge-shaped plates arc obtained on cooling hot aqueous solutions.

Inorganic Reactions. Sulfamic acid begins to decompose at 209°C. At 260°C
decomposition produces sulfur dioxide, sulfur trioxide, nitrogen, water, and other
products.

Dilute aqueous solutions of sulfamic acid are stable for many months at room tems-

perature. At higher temperatures, however, hydrolysis of the acid and its ammonium .

salt is comparatively rapid, forming ammonium hydrogen sulfate and ammonium
sulfate, respectively.

NH,SO:NH, + H;0 — (NH,()80¢

, The rate of hydrolysis is regulated by concentration, temperature, and pH (3).
Hydrolysis of various eoncentrations of sulfamic acid at 80°C is illustrated in Table 2.

Table 2. Hydrolysis of Sulfamic Acid in Aqueous Solutions at 80°C, %

. Solution

Time,
hr 1% 109, 30%
1 4.54 7.75 7.85
2 9.07 15.07 15.14
5 16.86 28.28 27 .49
7 24.18 39.51 37.49

The hydrolysis is highly exothermic, and if a concentrated aqueous solution of am-
monium sulfamate is heated in a closed container or one with insufficient venting, it can
generate sufficient steam pressure to cause an explosion (4). Amine sulfamates behave
. similarly. TFor example, a 609, solution of ammonium sulfamate will begin “runaway”
hydrolysis at 200°C at pH 5, and at 130°C at pH 2. However, since the boiling point of
a 609, solution of ammonium sulfamate in an open container is 107°C, the hazard of a
“runaway”’ hydrolysis is minimal. v

Alkali metal sulfamates are stable in neutral or alkaline solutions, even at the
boiling point. ,

In liquid ammonia, sulfamic acid behaves as a dibasic acid; one hydrogen of the
amino group and one hydrogen of the sulfonic group are replaceable by sodium, potas-
sium, ete, to give salts of the formula NaNHSO;Na, ete.

Chlorine, bromine, and chlorates oxidize sulfamic acid to sulfuric acid and to
nitrogen.

2 NH,SO;H + KClO; — 2 H,S0, + N: + KCl + H,0

Pure nitrous oxide is obtained by the reaction of concentrated nitric acid with
sulfamic acid.
NHzSOaII + HNO: bdd H2804 + H;O + Nzo

Nitrous acid reacts very rapidly and quantitatively with sulfamic acid, yielding
nitrogen gas.
NHQSO![{ + I{NOz - HzSO( + Hgo + N:
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Hypochlorous acid at low temperature forms N-chlorosulfamic acid.
NH,S0;H + HOCl — NHCISO,H + H,0

Sulfamy! chloride is formed by reaction of thionyl chloride with sulfamic acid.

NH;S0:H + SOCL — NH,S0,Cl 4 HCl + SO,

Reaction of certain metal iodides such as those of sodium, potassium, cesium, and
rubidium with sulfamic acid forms the triiodides (5).

2 NH;S0,H + 3 Csl + H:0 — Csli + G50 + (NH.():S0,

) Organic Reactions. Audrieth and co-workers have reviewed the organic reactions
of sulfamic acid (6).
Primary alcohols react with sulfamic acid to form ammonium alkyl sulfates:

ROH 4 NH:SO;H — ROSO,ONH,

Secondary alcohols react in the presence of an amide catalyst such as acetamide or urea,
but tertiary alcohols do not react (7).

Phenol, cresols, xylenols, naphthols, pyrocatechol, resorcinol, hydroquinone,
anisole, phenetole, and phenyl ether are sulfonated when treated with sulfamic acid.
In most instances, ammonium aryl sulfates are formed as intermediates and the sul-
fonate results from a subsequent rearrangement. Thus with phenol:

CH;0H + NH.S0,H — CH;080,0NH, - HOCH.SO,ONIH,

Phenyl derivatives such as anethole, styrene, and isosafrole with unsaturated alkyl
side chains are sulfonated in the side chain by reaction with sulfamic acid.

Amides react in certain cases to form ammonium salts of sulfonated amides. For
example, treatment with benzamide yields the ammonium salt of N-benzoylsulfamic
acid, C¢H;CONHSO,0ONH,, and, with ammonium sulfamate, yields diammonium
imidodisulfonate, HN (SO:ONH,)..

Aldehydes form addition products with sulfamic acid salts. These are stable in
neutral or slightly alkaline solutions, but are hydrolyzed in acid and strongly alkaline
solutions. With formaldehyde, the salt of the methylol (hydroxymethyl) derivative,
Ca(O;SNHCH.0H)., is readily obtained as a crystalline solid.

Cadmiumn, cobalt, copper, and nickel sulfamates react with lower aliphatic alde-
hydes. These stable compositions are reported to be suitable for use in electroplating
solutions for deposition of the respective metals.

The N-alkyl and N-cyclohexyl derivatives of sulfamic acid are comparatively
stable and may be isolated; the N-aryl derivatives are very unstable and can only be
obtained in the form of their salts. A series of stable thiazolylsulfamic acids has been
prepared.

Sulfation by sulfamic acid has been used, especially in Germany, in the preparation
of detergents from dodecyl, oleyl, and other higher alcohols. Secondary aleohols may
be sulfated readily by addition of pyridine.

Cellulose sulfated with sulfamic acid has been reported to show less degradation
than the customary product from sulfuric acid (8). Cellulose esters of sulfamic acids
are formed by the reaction of sulfamyl halides in the presence of tertiary organic bases.
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Analysis

Sulfamic acid or the sulfamate ion may be quantitatively determined by reaction
with nitrite ion:

N&NOz + NII2SOZH - NaHSO4 + Nz + I‘Izo

Bowler and Arnold (9) utilized this reaction in a rapid direct titration method using a
starch-iodide external indicator. Accuracy. was comparable with that of the older
gravimetric methods involving oxidation of sulfamate to sulfate. A gasometric
method (10) depending on measurement of the nitrogen evolved can be performed with

simple apparatus or can be adapted to micro procedures where the accuracy is *5%, -

and the operation requires only 20 min. The reaction is specific for the amino group
and very few ions interfere.

Sulfamic acid and its salts retard the precipitation of barium sulfate. To deter-
mine accurately any sulfate derived from hydrolysis of sulfamic acid, it is essential to
let the barium sulfate precipitate stand overnight.

Manufacture

Sulfamic acid is manufactured by the reaction of equimolal quantities of urea,
sulfur trioxide, and sulfuric acid (11). The reaction, which is strongly exothermic, may
be represented stoichiometrically :

NH,CONH. + 80; + H,S0, — 2 NH.SO;H + CO,
The reaction is considered theoretically to take place in two steps:

NH:CONH; + 80, -+ HSO;NHCONH, 1)
carbamidomonosulfonic acid

HSO;NHCONH, + H,SO, — 2 NH,S0;H + CO, 2)

Excess liquid sulfur trioxide may be used as a reaction medium. A liquid mixture of
equimolar quantities of urea and sulfuric acid is added to a large excess of liquid sulfur
trioxide while agitating and cooling to prevent the formation of carbon dioxide. After
completion of the initial reaction, the mass is heated further to produce sulfamic acid.
The excess sulfur trioxide is removed by either distillation or spray drying, or both, or
by flaking. :

The salts of sulfamic acid are manufactured by neutralizing the acid with the
appropriate hydroxide or carbonate. Ammonium sulfamate is the most important
commercial salt. It is manufactured by adding anhydrous ammonia and sulfamic acid
to ammonium sulfamate mother liquor from a preceding erystallization until a hot,
concentrated solution of ammonium sulfamate is formed (12). The anhydrous am-
monia is added slowly with agitation while the heat of reaction is removed by cooling
coils. The hot, concentrated ammonium sulfamate solution is then run to crystallizers
from which ammonium sulfamate crystals are recovered; the cold mother liquor is
returned to the neutralization step.

Health and Safety Factors

Although brief contact of dry crystalline sulfamic acid with the skin causes no
noticeable ill effect, precautions should be taken to avoid contact with the eyes, skin, or
clothing. The action of sulfamic acid on the skin is limited to the effects of low pH. It
is suggested that both goggles and gloves be worn when handling sulfamic acid dry or in
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246 SULFAMIC ACID AND SULFAMATES

solution. In the event of contact, flush skin with water; for eyes, flush with plenty of-

water and get medical attention.
Sulfamic acid presents no fire or explosion hazard and evolves no fumes.
Ammonium sulfamate, like the more common ammonium salts, such as the chioride
or sulfate, is neither very irritating to the skin nor very toxic.

Sulfamates

Sulfamic acid readily forms salts by reaction with oxides, hydroxides, carbonates, or
active metals. With the exception of the basic mercury salt, its salts are very soluble,
particularly the lead salt.

Precise solubility determinations are available for only a few salts (13). The
solubility of sodium sulfamate (14) has been determined from 0 to 55°C. At0°C, 79.90
g dissolves in 100 g of water; at 55°C, 191.30 g dissolves in 100 g of water. Below the
transition point (38.3°C), the solid phase in equilibrium with the saturated solution is
the monohydrate, a waxy, difficultly filterable material; above the transition point, the
anhydrous salt is formed. The anhydrous salt melts at 250°C.

Ammonium sulfamate is five times as soluble in water as ammonium chloride
(200.2 g dissolves in 100 g of water at 20°C) and very soluble in glycerol, glycols, and
formamide. The pH of a 5% (0.44N) solution is 5.2. Ammonium sulfamate melts at
132.9°C. '

King and Hoopes (15) give comprehensive tables of solubilities for calcium,
barium, and magnesium salts from 0 to 100°C. The relative viscosity and relative
density of aqueous solutions of the acid and the ammonium, magnesium, calcium, and
barium salts have been determined for several concentrations at 25°C (16).

Lead sulfamate gives solutions with high densities (2.18 g/ml at 68.5%) which may
be used for determining the density of heavy solids.

Uses

Flame Retardants. Ammonium sulfamate is extensively used in formulated,
nondurable, flame-retarding agents for cellulosic materials (17). It does not cause
stiffening or otherwise adversely affect the hand and appearance of paper and fabrics.
Because the sulfamates are water soluble, retreatment is required whenever fabrics
are laundered or otherwise subjected to water leaching.

Flame retardants based on sulfamates are used to treat service clothing, drapes
and curtains, decorative materials, blankets, and wearing apparel. See Fire-resistant
textiles.

Softening Agents. Certain amine sulfamates have been found to have outstand-
ing properties as softeners for paper and textiles (18,19). Compared with other
commonly used softening agents, their softening action is longer lasting and is better
at low humidities.

Weed and Brush Killers. Sulfamic acid and certain of its salts have proved to
be highly effective weed killers. Ammonium sulfamate is a nonselective killer for
weeds, brush, stumps, and trees. See Weed killers.

Acid Cleaning. Sulfamic acid is an outstanding choice for acid-cleaning appli-
cations.  Because of its dry form it is easy to formulate, transport, and handle. It
forms soluble salts with most metals and is generally less corrosive to metals than the
common inorganic acids (Table 3).
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Table 3. Relative Corrosion Rates of 3%, Aqueous Solutions of Acids at 72 &+ 4°F

Relative Corrosion Rate (Sulfamic Acid = 1.0)

Metal H,80, HCl
1010 steel 2.6 4.2
cast iron 3.2 3.2
galvanized iron 63.0 °
tin plate 81.0 23.0
304 stainless 10.0 e
zine 2.2 °
copper 1.5 6.7
brass 1.5 2.8
bronze 4.0 7.0
aluminum 0.6 5.3

* Very rapid corrosion.

These advantages of sulfamic acid have led to its use in acid cleaners in the following
fields: in air conditioning for the removal of rust, algae, and hard-water scales from
cooling tower systems and evaporative condensers; in marine equipment for the
periodic removal of scales from seawater evaporators (distillation units), heat ex-
changers, and salt water heaters; for cleaning items such as copper-bottomed kettles,
steam irons, dishwashers, silverware, toilet bowls, bricks and tiles; in food and dairy
processing equipment for removing hard-water scale and protein deposits on cooking
and pasteurizing equipment in meat, vegetable, and dairy processing plants. Sulfamic
acid is authorized by the United States Department of Agriculture for use in official
meat, poultry, rabbit, and egg processing establishments as an acid cleaner for use in all
departments.

Sulfamic acid is also used for cleaning steam boilers, condensers, heat exchangers,
jacketed equipment, and piping in the chemical process industries (20-22); in brewery
equipment for removal of beerstone in glass-lined tanks, kettle and open beer coolers,
and beer kegs (23); for cleaning sugar evaporators in both cane sugar and beet sugar
refineries (24); in paper mills for conditioning of papermalkers’ felts, Fourdrinier wires,
and cylinder molds, and for descaling black-liquor evaporators and clad digesters (25).
Sulfamic acid is approved by the Federal Food and Drug Administration under section
121.101h, “Substances migrating to food from paper and paperboard produets used in
food packaging that are generally recognized as safe for their intended use, within the
meaning of section 409 of the Act” (Food, Drug, and Cosmetic Act as amended, 1958).

Sulfamic acid is used for cleaning or “‘acidizing” water, oil, and gas wells (26).

Nitrite Removal. One of the first industrial applications to be developed for
sulfamic acid is based on its reaction with nitrous acid. This reaction is rapid and
quantitative (see above under Analysis). The reaction is applied commercially in
eliminatimg the excess nitrite employed in diazotization reactions for dyc and colored
pigment manufacture, for piece dyeing of fabrics, and for certain types of leather
dyeing. In piece-dyeing procedures, sulfamic acid can eliminate all but one of the
rinsings normally carried out, with resultant savings in time and water usage.

Other oxides of nitrogen react similarly and can be removed quantitatively and
easily from such materials as sulfuric acid and hydrochloric acid. '

Electroplating and Electroforming. Most metal sulfamates are soluble and the
solutions conduct electricity well; this makes them useful as electroplating salts.
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Deposits from the sulfamates of cadmium, cobalt, copper, indium, lead, nickel,
rhodium, or silver, for example, are bright and dense. Plating baths of nickel sulfa-
mate give excellent deposits for electroforming (27).

Baths of aluminum sulfamate are often preferred for the anodic oxidation of
aluminum and aluminum alloys. They give abrasion- and corrosion-resistant finishes
with good dye receptivity (28).

Sweetening Agents. Salts of cyclohexvlsulfamlc acid can be prepared directly
from sulfamic acid and cyclohexylamine or a substituted cyclohexylamine:

2 RNH; + NH.SO;H — NHRSO,ONII;R + NH;

Treatment with sodium or calcium hydroxide gives the corresponding salt, eg
NHRS0:0Na (29). Sodium cyeclohexylsulfamate is a well-known sweetening agent.
See Sweeteners.

Stabilization of Chlorine. A major use for sulfamic acid is in the broad field of
chlorine stabilization. When chlorine gas is dissolved in water, the following equi-
librium is established:

Cl;, + H:0 « HOCI 4 HCI

Upon the addition of sulfamie acid, N-chlorosulfamic acid is prepared:
HOC! + NH,;S0;H — NHCISOH + H:0

The chlorine here is still actlive, but the equilibrium with free chlorine is shifted to the
right, reducing losses by volatilization; reactivity of the chlorine is also reduced. For
these reasons, sulfamic acid is utilized in conjunction with chlorine in such places as
swimming pools (30), cooling towers (31), and paper mills (32) to control micro-
organisms, and in paper pulp for bleaching.

The use of sulfamic acid in paper pulp bleaching is reviewed in a Du Pont Company
bulletin (33), and in papers by R. U. Tobar (34), J. M. Robinson and D. Santmyers
(35), and L. C. Aldrich (36). Some of the observed benefits include a reduction of pulp
degradation, an increase of pulp brightness, and an improvement of bleach plant effi-
ciency.

Analytical Uses. Sulfamic acid has been recommended as a standard of reference
in acidimetry (37). The acid is readily purified by recrystallization and air drying to
give a stable product analyzing 99.95% pure. A variety of indicators are suitable;
bromothvmol blue gives a sharp change from yellow at pH 6.4 to blue at pH 7.0.

The procedure for the determination of sulfamic acid with nitrite has been adapted
in reverse for the determination of nitrite ion. Sulfamic acid improves the Winkler
method for determining dissolved oxygen in water (38). Sulfamic acid is used for re-
moval of nitrites in the Marshall procedure for determining the sulfanilamide content of
blood.

Other Uses. Sulfamic acid is used in the sulfation of polyether alecohols. See
Sulfonation and sulfation. A number of resins have been prepared by condensing the
methylol sulfamates with melamine or urea. Possible usesinclude water-repellents, sizing
materials, and laminating agents. Sulfamic acid has been found to be a good curing
agent for phenolics because it has fewer objectionable effects than other inorganic acids
and is faster acting than organic acids. Polyamine sulfamates have been shown to pro-
duce easier handling erum when used as a coagulating aid for styrene-butadiene rubber
(39). Sulfamic acid has been employed as a wash to remove deleterious metallic im-
purities in the preparation of improved halophosphate phosphors for lamps (40).
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On the Hydrogen Bonds -- Tunnel Effect. Part II. Amidophosphates and i

. Aminosulphonic Acid

In the infrared spectra of the primary aminophosphates, e.g., NaPO3NH3,
there occur at 2482 cm™ and 2620 em~l bands of at least.medium strength
v alongside such bands of the NH valency oscillétions at 2900 cm~1,1
Analagous bands in the infrared spectrum of aminosulfonic acid havebbeen
hitherto inipart neglectedz, in part treated as harmonics3, in péft

4

referred to the presence of a second type of molecule’, and in part cited,

but without explanation, as characteristic for the a3 group beside the
NH-valency oscillations around 3000 cm1,3

The kinship of the absorptions to hydrogen follows from the spectra
of deuterated preparations, aminophosphates exchange hydrogen rapidly.
The infrared spectra of aqueous solutions, in which no trace of these bands
can any longer be observed, show that here it is a question not of harmonics,
but rather of oscillations specifically in the crystal. As is the case in
certain NHN bonds, we assume doubling of the valency oscillation absorptions
of the NHO bonds through the tunnel effect., 1In addition, an increase in
the number of frequencies occurs as a result of the bond oscillations across
the common nitrogen atom, In the NaPO3NH3 crystai with the space group
P63—C657, the three-fola symmetry of the free ion is preserved, and the
selectivity laws lead one to expect, in the infrared spectrum, a fully
symmetrical and a degenerated bond valency oscillation. In the case of

crystal symmetry8'9

of aminosulfonic acid, it should have been posgsible to
observe these degenerations split, and, as a result of coupling of the

eight molecules in the elementary cell, the formation of secondary maxima,



Due to the possibility of harmonics in this range, this cannot be Judged
with certainty, but (especially in the case of the reduced band width in
low temperature absorptions) more absorptions appear than in the case of
sodium aminophosphate. In the energy level schema of Fig. la, the splittings
have been disregarded. 1In crystal plates of aminosulfonic acid we were

able to record harmonics in the 4000 cm~l to 9000 cm~1 range., The first

are included in the schega of the diagram,

We calculated the potential curve in the NHO bond after the Schroeder
an& Lippincott model.10 For DN+--H, we inserted 84.2 kcal/mol; for .Do.,..H,
we inserted 69.0 kcal/mol. RNHO and ryy are known from reference 9. The
calculated curve has two minima, cf Fig, 1b., If one assumes G, 1/2(G2~Gy)
and works with the observed values but without knowledge of the harmonic
frequencies, then the level G; (mean value of ¢*tl ana ¢-1 and of a, and e)
lies at the height of the second minimum; the level G2, lying apparently
already above the potential barrier.

Hereby, we believe that type and magnitude of the assumed splittings

become readily comprehensible.

(Institute for an organic and an organic~technical chemistry of the

Technical University, Dresden.)

_{

‘063



063

,
Lood/ b
&I

Fig. 1. Comparison of the infrared absorptions observed in amino-

sulfonic acid crystals (a) with a calculated potential curve
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vergleicht, das keine QI 1-Gruppen euthitt und folglich nur noch
dic Absorptionen der NH LN (oder O-}Bricken zeigt, Die
jangwelligere dor beiden OH L. O-Absorptionen zeigl zwed
alaxima (2130, 2235 an'd), was man mit der Kopplung zwi-
solica rwel Bricken am gleichen Phosphoratom erkliren kann,
Fiur die hurewellige OH L O-Bande (& 2860 cin™l) entzicht
sich dies dex Bew vluhm" duxch Uberfugerung mit dJen NIH .
{O-pBanden (2973, 3073 e,

Beim Oktastlbersalz ist das ganze Gebiet frei von Ab-
sorptionen; Oberschwingungen werden bei den verwendoten
Substanzkonzentrntionen also nicht beobachtet.  Bei den
penterinmvertindungen legen  dic Maxima bei 2300 und
220 em™ fiir NI oo N((O) xm(l bet 1650 und 1720 cm b (ir
die Jangwellige O1T ... O-Bande. Die kurzwellige st pans
verdeckt.

Lie Unterschiede in der Grofle der Tunnele ffdu- Aulspal-
tong undin dem Ausmad der Verbreiternng hilngen zusiamuen,
{Wir glauben, dafl die bisher noch nicht befriedigend erklirte
sandenbreite bei Wasserstoffbricken-Valenzschwingungen
anch vorn Tunncleffekt herriibrt, und zwar dadurch, dafi die
fir dic Grobie der Aufrpallung matigebende Hohe dor Baurricre
zwizchen den beiden Minima verdndert wird im Verlauf ciner
Schwingung der sehweren Briickenatome?). Uber die weitere
Deutung der Spektren werden wiv audernorts berichten

Wenn der Wasserstoffbriicken-Tunneleflekt nun auch fir

'NH ... X-Briicken vorausgesetzt werden darf, so wird uns dic

Erklirung der NH-Banden des Phosphams ermoglicht, dic
mit Maxima von & 3100 em™ und 2700 et auftreten und
von denen die ngwelligere mit aliem Vorbehalt, aboer siclier
irrrimlich eiuer Fermi-Resonanz zugeschriehen worden war®),
bie Verdopplung der NI ... N-Bande doreh den Wasserstoff-

brucken-Tunneleffekt st auch hier wobl die richtige Dentung.
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Zum Wasserstoffbriicken-Tunneleffekt, 11
Amidophosphufe und Amidosulionsiure

In den Infrarotspektren der primidren Amidophosphates
2. B. NabOQ,NH;, treten Bunden bei 2482 em™? und 2620 cm™?
von mindestens mittlerer Stirke neben solchen der NT{-
Valenzschwingungen biei 2900 em™? aufl). Analoge Banden im
Infrarotspektrum der Amidosulfonsiure sind bisher teils ver-
nachlissigt?), teils als Oherschwingungen behandeltd), teils auf
das Vorliegen einer zweiten Molekelart zuriickgefiihrtd), teils
ohne Erkidrung ncben den NII-Valenzschwingungen um
3000 cm™ als charakteristisch fiir die NH-Gruppe angegehen

-worden®).

Dic Zugehorigkeit der Absorptionen zum Wasserstoff folgt
ass den Spekiren deuterierter Priparate; Amidophosphate
tauschen rascl Wasserstoff aus. Die Infrarotspektren wibriger
Losungen, wo von diesen Dunden nichts mehr wahrzunehmen
ist, zeigen. dull ey sich nicht uvm Oberschwingungen, wohl aber
wn Schwingunzen spezicll im Kristall handelt. Wic bei
pewissen  NHN-Briicken®) nchmen  wir Verdopplung  der
Valenzschwingnugsabsorptionen der NHO-Briicken durch den
Tunncleifekt wn. Zusitzlich tritt noch Vermehrung der Ire-
quenzen infolge Kopplung der By iicku\:ch\\‘ingungcn iiber dus
temeinsaine Sticketofiatum auf. Im NaPONII-Kristall mit
der Raumgruppe 176,—C§ %) bleibt die 3- z.:hlx"c Symmetric
des freien Jons erhalten, und die Aus\mhlrcrﬂ.ln Jassen im
Infr.xrm:pckvum eine totalsymmetrische und eine entartete
Briicken-Vulenzschwingung  erwarten.  I32i der Kristall-
vammtric$), ¢ der Anud(rsulfonxliuu sollten  diese Ent-
Lriungen aud: "‘\lkl]t(‘ll und Ncbenmaxima infolge lxuppl\m-'
der acht Molekeln in der Elementarzelle zu heobachten sein.
Dus ist infolge der Moglichkeit von Oberschwingungen in
dicsemy Bereich nicht sicher zu beurteilen, es er scheinen aber
fhe:onders bLeider bei'l wttvmpemturaufxmhmon verminderten
Bandenbreite} mcehr Einzel absorptionen  als Dbei Natrium-
_._.n,dup.xuspmxt.. I den Niveausthema der Fig. fa sind dee

Aufspaltnngen vernachlissigt.
sulfonsiture konnten wir Oberschwingunugen im Bereich von
4000 his Vo0 e registrieren. Die ersten sind in das Schema
der Figur mit cingefiigt.

Wir bevecheeten den Vedentialvertauf in der
nuch dem Modell von Scurorvrr und ].H‘H,\'(‘U‘l‘l“’) Iir
D+ _ppwurde 84,2 keal/mol fiiv Dy 33 69,0 kealmat cingese t/t'
R’y o und ryggsind ans ) bekannt. Die l)mc‘(l\m e lxur\o hat
zwei Minima, vgl. Tig. 1h. Wenn man Gy~ 4 (G, — G)) an-
nimmt und in Unkenninis der harmonischen Frequenzen anit
den beebachteten Werten arbeitet, so liegt dus Niveau G,
(Mittelwert von G und G und von ay und ¢} in der Hohe des
zweiten Minimnms, das Niveau G, anscheinend schon oberball
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Fig. 1. Vergleich der an Anidosulfousaurckristallen Leobachteten
Infrarotabsorptioncn (1) mit einer berechneten Potentinlkurve (b)

der Potentialschwelle. Damit wird Art und Grofie der ange-
nommenen Aufspaltungen unseres Lrachtens gul verstiindlich.
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Die Modifikationen
der Alkali-Bleiphosphate, -arsenate und -vanadate

Bei fast allen Natrium- bzw. Kalivm-Erdalkaliphosphaten,
-arsenaien und -vanadaten stellten wir Dimorphic fest, Bei
Raumtemperatur (RT) sind die rhombisch kristallisierenden
Niedertemperaturformen (NT) bestindig; bei Temperaturen,
die zwischen 680 und etwa 1000° liegen, entstehen hexagonal
kristallisierende Hochtemperaturformen (1T), dic aber bei
RT nicht halibar sind vund wieder in NT ibergehen?). Wegen
der weitgehenden Analogic der Bleiapatite mit den .\patitcn
der Erdalkalimetalle glaubten wir?), dafl auch dic Natrivm-
Bleiphosphate, -arsenate und -vanadate dic analoge Di-
morphie wie di¢ eingangs erwithnten Erdalkaliverbindungen
zeigen wiirden, Allerdings batten schon MerkEr und Wox-
DRATSCHERT) mitgeteilt, dal NaPbPO, und Nal’bAsO, bei RT
hexa[,ondl analog den HT der erd]L'\lwerbmdnn aen }\nstallh
sieren. 'Wir haben das Verbalten der blen’erbmdungcn mit
folgenden Ergebnissen nachgepriift.

a) Bei den Natriumverbindungen Nal’bO, und NaPbAsO,
gibt es nur cine Modifikation, niwmlich die dllCh bei RT l)c-
stindige lhexagonale HT3)., Nal’bVQ, verhiilt sich ebenso
(n 5,59 A, c7.0tA, c/a 4,25). Beider Synthese dieser Natrinm-
Bleiverbindungen muB aher Feuchtigkeit ferngehalien werden,
und es werden am besten wasserfreie Stoffe umgesctzt, z. B.
nava-der icichang. 30,0050, 1 2a,00= 2NuPOXN Oy 4- CO,.

An Rristallplatien von Amido- |

NHO-Briicke”
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Inorganic Chemistry, 6th edition
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Sodium thiacyclohexyl sulfamic acid, a new

sweetening agent

by
B. Unterhalt and L. B8schemeyer
From: Department of Pharmacy and Food Chemistry, University
of Marburg/Lahn.

In 1937 Audrieth and Sveda accidentally discovered the
sweetening nature of cyclohexyl sulfamic acid and its salts 1,
the "cyclamates" (1). 1In 1950 Abbot Laboratories put its |
sodium salt on the market under the name of "Sucaryl". We
have recently been engaged on the structure-effect relation-
ships of sweetening agents of the cycloalkyl sulfamic acid
group and the unsaturated aldoxins (2,3). Our working hypo-
thesis was based on the principle of biociSosterism, for instance
the substitution of é CHy group in 1 by a hetero atom.

We synthesized the ketones 2 and 3 (4, 5), converted
them with hydrokylamine in an alkaline solution into the
corresponding oximes 4 and 5 and by reduction with metallic
sodium in ethanol we obtained the amines 6 and 7 (6-8). Treat-
ment with freshly distilled chlorosulfonic acid yielded products
8 and 9, either direcly as sodium salts, or after use of a
strongly acid cation exchanger, converted via free acids

specifically into sodium salts (2).
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Please paste in or refer to structural formulas on p. 271.

Ausb. = yield.

While the sodium salt of 8 did not have a sweet taste,
"9 in a 0.2% aqueous solution had a degree of sweetness of ca. 8.
Thus while the substance is somewhat less sweet than Na-cyclamate
l, it might be of interest if pharmacologic and toxicolpgic tests

are favorable.

Our thanks are due to the Deutsche Forschungsgemeinschaft for
their support.

Sent in: March 24, 1972.

Bibliography.

See p. 271.
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Fig. 1. Weillmalschicht ciner attischen Lekythos: blittchen-
formige, 2.7, paketartig gepiackte Raolinithristalle, die durch
Linbrennen der Schicht pseudomorphosiert sind (Rasterelek-
tronenmikroskop, 1 cm:= 2 @)

s
(zwischen 100--200 nm}. Nach dem 1labitus zu urteilen, ist
ein kaolinitischer Ton verwendet worden, was mit bereits ge-
duerten Vorstellungen  iibercinstimmt {7, 8. Der Kalium-
gehalt spricht dafjir, dall Potwsche zur Peptisierung des
Tones und znr Adsinterung und Verfestiguny des Bliitttchen-
aggregates zu Hille genonumen wurde, Dic Stroktor des Kuo-
linites ist durch inbrennen der Malschicht zerstort worden,
die Teilchen sind also Pscudomorphosen: Aul einem Scherben
erwies sich das Material, abgeschen von cinem Quarzanteil,
als rontgenamorph, was for die Bildung ciner Mcetakaolinit-
Phase spricht. Deren ntstehnng ist mit einer Brenntempera-
tur von ca. 8350 °C vereinbar, die lir die schwarze Glanzton-
schicht geschitzt wird H4, oo Aufl dem anderen Scherben war
cine Mullit-ihnliche Phase nachweisbar, die Brenntemperatur
zum mindesten Jokal - hoher gelegen,
Auffillig ist cin Gehalt an Gips, der in der Groenordnung
£ 10% des Tonminerals liegt. Wir halten ihn (ar sekundiiv,
d.h. durch Staubablagerunyg oder Beriesclung niit gipshaltigen
Wiissern entstanden; denn anch b Scherben konnte Schwelel
nachgewivsen werden.

Eine {"berraschuny crgab die Untersachung der Rotmalerei,
Wiihrend sie auf dem einen Scherben aus - Fe,Og Desteht, ist
sie auf dem anderen aus edementaren: Kupfer. Der unterschied-
liche Phasenbestand der Rotmalerei tut sich in verschicden-
artiger Tonung der Farben kund. Sie hebt sichiim Bruch zwar
scharf gegen dic weille Malschicht ab, der sic aufliegt, ist aber
offenbar so fein in Iwaolinit dispergicrt, dafi sic als selbstiindige
Phasc morphologisch nicht mit Sicherheit nachweisbar ist.
Die Gegenwart von Kupfer ist jedoch durch Rontgenmikro-
analyse und Debive-Scherrer Diagramm sichergestellt,

Dic gricchischen Topler bedienten sich also zur Bemalung «der
Lekythoi verschivdener Teehniken. Kupferverbindungen, 2. 13
Malachit, die hicr wahrscheinlich thermisch zu Kupfer redn-
ziert wurden, waren ihnen aas den Minen von Laurion be-
kannt,

Wir danken den Farbenfabriken Baver, Leverkusen, fir dic
Unterstiitzung der Untersuchungen.

Eingegangen am 3. Mdrz 1972

[17 Holm, R.: Angew. Chem. 83, 632 (1071). — [2] Noll, W,
Holm, K., Born, L..: Naturwissenschaften 58, 615 (1971}, - -~
(31 Schumann, Th.: Ber. Dtsch, Reram, Ges, 23, 408 (1042), -
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[41 Hofmann, U.: Naturwissenschaften 53, 218 (1966); Angew.
Chem. 74, 397 (1962). — [5] Obetlies, I.: Naturwissenschaften
55. 277 (1968); Ber. Dtsch. Keram. Ges. 39, 19 (1962). —
(6] Winter, A.: Techn. Beitr. Archiol., T. Rom. German. Zen-
tralmuseum Mainz (1959). — [7) Hofmann, U., Theisen, R.,
Yetmen, Y.: Ber. Dtsch. Keram. Ges. 43, 607 {1966). —
[81 Noble, J. V.: The Techniques of Painted Attic Pottery,

p. 62. London: Faber and Faber 1966.

Thiacyclohexylsulfaminsaures Natrium,
ein neuer Siiflstoff

B. Unterhalt und L. Boschemeycer

I’achbercich Pharmazic uud Lebensmittelchemie
der Universitat Marburg/l.ahn

1937 entdeckten Audrieth und Sveda zufallig den StBstoff--
charakter der Cyclohexylsulfaminsiure und ihrer Salze 1, der

~NHSO9

1

LCyclamate' [LL 1950 brachten die Abbott FLab. das Natrium-
salz unter der Bezeichnung |, Sucaryl® in den Handel,

Seit kurzem beschitftigen wir uns mit Struktur-\Wirkungsbe-
zichungen bei Sillungsmitteln aus der Reihe der Cycloalkyl-
sulfaminsduren und der ungesitdtigten Aldoxime 2, 3} Als
Arbeitshypothese dient o das Prinzip der Bioisosterie, z. 1.
der Frsatz ciner CHy-Gruppe in [ durch ein Heteroatom,

Wir synthetisierien nach bekannten Methaden die Ketone 2
und 3[4, 31, Gberfihuten diese mit Hydroxviamin in alkali-
scher Lasung in dic zugeborigen Oxime 4 und 5 und gewannen
durch Reduktion mit metallischem Natrinm in Athanot die
Amine 6 und 7 {6--8). Die Behandlung mit frisch destillierter
Chlorsulfonsiure licferte die Produkie § und 4, dic entweder
dirckt als Natriumsalze anficlen oder nach Anwendung eines
stark sauren Kationenaustauschers Gber die freien Siuren ge-
zielt in Natriumsalze umgewandelt wurden {2 .

L0 ZNOH
—
4 THO

X
2 X=0 4 X=0
3 NXN=§ 5 X==8
[H] g N cisoun g NHSOM
————p T hen
KA [-HCH] ¥
‘ L6 X=0 § X=0
Ip 166 °C (Ausb, 37%
7 X=S§ g X=8
. .. Fp 157 °C (Ausb. 31%)

Wihrend das Natriumsalz von § keinen stitBen Geschmack auf-
weist, findet man bet 9 in 0,2proz. wibriger LOsung einen
Stiungsgrad von ctwa 8. Die Substanz ist damit zwar weniger
sidd als Na-Cyelamat I, konnte aber bei giinstigem Verlauf der
pharmakologischen und toxikologischen Pritfung interessant
werden.

Wir danken der Deutschen Forschungsgemeinschaft far ihre
Unterstittzung.

Fingegangen am 24, Mirz 1972
1] Audrieth, 1. 1., Sveda, M.: J. org. Chemistry 9, 89 (1944).-—
2] Unterhalt, B, Boschemeyer, L. Z. Lebensmittel-Unters.
u. -Forsch. 145, 93 (1971). — {3} Unterhalt, I3., Boschemeyer,
I.: ibid. 147, 153 (1971). — [4] Owen, G. R., Reese, C. B.: J.
chem. Soc. (U) 1970, 2401, — [5} Barkenbus, C., Midkiff, V. C,,
Newnwan, B, ALz} org. Chemistry 16, 232 (1951). -~ [0] I’relog,
V., Cerkovnikov, E., Ustricev, G.: Lichigs Ann. Chem. 535, 37
(1038): Tanivaina, H., Yasui, Boo Yoakugaku Zas:hi .81, 1493
(1061) 1C. AL 86, 10060 (1902} ~— [7] Barkenbus, C., Wuellner,
J. A ). Amer. chem. Soc. 77, 3866 (1088). -— (8] Herbrandson,
L F., Wood, RoIL: ) med. Cheme 12, 617 (1009).




Commentary-1

Hugo T. Victoreen

A nlribution submitted to the JOURNAL
on an. 10, 1872, by Hugo T. Victoreen
{Active Member, AWWA), director of lab,,
Wates Dept., Wilmington, Del. .

ree residual prechlorination in a
water-treatment plant is of great prac-
tica) Calue in improving the quality
of water. If it causes the precipita-
tic  of -ectain materials, so much, the
betr hey can then be physically
reny , flocculation and filtration.
1f  hlonoated organic substances of
m dorous chiaracter are formed, they
can generally be handled by activated

2 WATER TECHNOLOGY/QUALITY

J. R, Waker Works Assoc. by (W) 1260 20601972

-
TABLE 1
Effect of Chlorine-Sulfumic Acid on Bucterial Count
Control 1 ppn Sulfamic 1 ppm Sulfamic No Sulfamie
©.8 3 om Chlorine 1.6 pan Cllorine 1.6 ppm Chlorine
Elapsed
Time
hr . .
Chlorine Chilotine Chlorine
Bacl.fml Bact,fmi Residual Bact:/ml Residual Bact.fmt Resiidua)
5 5,500 270 0.20 170 0.80 99 0.3%
R} 99,000 830 0.07 110 0.60 3 0.30
carbon fed nhead of the filters. A\ free-  of dichlorsulfumate. If it does indeced

residual emerging from a well-run
water-treatinent plant may show sur-
prising stability. especially in a dis-
tribution system consisting of lined
mains,

Where chlorination is the only
treatment practiced, the prospects are
less favorable for there is no oppor-
tunity actually to remove odorous or-
ganics, wnd particulates in the water
will continue to exert a chlarine de-
mand and give protection to microbial
life. If onc is dealing with a ground
water or surface water of low organic
and iron content, a free residual may

still be the practical choice, hut where,

this is not the case, a combined re-
sidual beeomes very attractive. .

Ohne must be reminded that an oxi-
dizing agent such as free chlorine dis-
appears because it is doing its work,
A combined residual, which lasts
longer, is by definition oxidizing more
slowly. This, of course. is part of the
strutegy  of a water-plant operator
using a combined residual. e says,
in cffeet, that he wishes to delay or
avoid certain reactions so as to avert
odor problems and have chlorine of
some sort available in the more remote
parts of the distribution systent. His

< final justification for the sclection of

a combined residual should le to
show that it is an effective biocide
capable of killing bacteria, actinomny-
cetes, algae, and viruses.

Thearticle from Long Beach, Calif.,
on the use of chlorine-sulfamic-acid
combined residuals is encouraging in
two respects.  First of all. it reports
that these residuals are indeed effec-
tive lonug-lasting biocides.

Sceond, there is the intriguing pros-
peet of a dichloro form at least as use-
ful to us as the monochloro form.
This is a pleasant change from chlo-
rine—unmonia residuals where oper-
ators habitually overfeed ammonia in
an cffort to minimize the proportion
of dichloramine {ormed. Of particu-
lar interest is the high oxidizing power

have the same oxidizing capability as
free chlorine coupled with a longer
life expectancy, one might be puzzled
for a moment over this apparent con-
tradiction in terms, but most would

welcome this new tool.

Laboratory Confirmation

In this reviewer's laboratory, ex-
periments have been conducted on a
small scale with ehlorine-sulfamic re-
siduals. In order to do this the equiv-
alent of a high-quality surface water,
which would not require complete
treatmient, was “‘put together.” It
consisted of raw creck water passed
through a fiber glass filter and blended
with three-day-old tap water that had
lost its chlorine.  The resulting water
had a turbidity of less than 1.0, a 60-
min room temperature chlorine de-
mand of 0.8 ppim mg/diter, and a bac-
terial count of 4400 per ml as de-
termined by five day 80F (28C) plate
counts, Two flasks were dosed with
chlorine-sulfamic mixtures, and one
was dosed with chlorine only. The
fourth flask served as a control. It
is apparent from the table that the
mixture of 1.6 ppm (mg/liter) chlo-
rine and 1.0 ppm (mg/liter) sulfamic
acid was more persistent than the
same amount of chlorine by itsclf.,
The bacterial population was still de-
clining after 32 hr contact with this
mixture. A mixture of 0.8 ppm (mg/
liter) chlorine and 1.0 ppm (mg/liter)
sulfamic was less impressive despite
the fact that 0.8 ppm (ng/liter) was
the 60-min chlorine demand of the
water. The bacterial population of
this flask was climbing at the end of
the experiment, and this was the only
flask besides the control to show ni-
trite nitrogen. There was a con-
tinuous loss of residual from the flask
coutaining only chlorine, but this was
accompanied by an almost complete
destruction of the bacterial population.

In the water that was uscd, the
higher ratio of chlorine to sulfamic

JOURNAL AWWA

068

acild gave good bacterial results al
though they were inferior to the re
sults obtained with free chlorine. [
the water had leen more heavily
loaded with organic matter, this i
chlorsulfamate residual might have
shown a clear-cut superiority, particu
Tarly if the events had taken place i

a water main rather than in labora

tory glassware. No odor was detecte
in any of the flasks, but if such :
problem had arisen, it would haw
strengthened the case for the dichlor
sulfamate residual.

Low ratios of chlorine to sulfiumi
acid must be considered with grea
caution.  The monochlorsulfamate
that would be formed in such a situ
ation is a poor oxidizing agent an
any excess tnchlorinated sulfaunic lef
in solution would probably hydrolyz
to mnmonium bisulfate, 1 good bac
terial food.

In summary, this reviewer can sa
that  the dichlorsulimnate  rvesidu
shows considerable promise for thos
utilities that must produce water wit
a portion of the chlorine demand un
satisfied,  Much more bacterial wor
is necded on a variety of waters befor
ane can evaluate the effect of dichlor
sulfamate on the more-resistant slow
growing microorganisms,  Where
witer-treatment plant is available,
free residual is still preferable at th
prechlorination stage, for free chlc
rine does not die in vain, Tt dies i
the process of cleaning up the wate




Wodicka, Virgil 0. 1971
Regulation of Food and Medicated Animal Feeds
"In Hearings before a Subcommittee of the
Committee on Government Operations. House of
Representatives, Ninety-second Congress, First
Session, March 16-18, 29-30, 1971", U.S. Govt.
Print. Off., Washington, D.C.
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3 ENOUS POLYSACCHARIDES AND

-SULFAT,ET]%IYI;%EIK%@I%C(?AGULANT ACTIVITY?
Sir: s .
N-Deacetylated chitin, previously swollen (\)nth,
pyridine, was heterogeneously §u]fa(ed at 100 for
1 hour with chlorosulfonic acid and pyridine to
yield a product, isulated (inorganic salls were re-
moved by dialysis) as the amorphous, waterv-sohxble
sodium salt, containing essentially two N-sulfate
and one O-sulfate groups per anhydradisaccharide
unit; [e)®p —23° (¢ 1.5, water). Anal. Caled. for
CieH1605(NSO:Na)2(08SO;Naj: C, 22.93; H, 3.05; N,
4.46; S,15.31; N1, 10.98. Found: C, 22.65}; H, 3._08;
N, 4.02; S,15.6; Na, 11.2; ~NH, (by ninhydrin),
absent; NAc, absent. This preparation exhibited
the hehavior in the Van Slyke amino acid assay
characteristic of the acid-lahile N-sulfate group
present in hepanin.®? Its anticoagulant activity
was 56 International Units (1. U.)/mg. The ani-
mal (mouse intravenous) toxicity was approxi-
matcly double that of heparin, a finding believed to
be due to the unsuitably high molecular size of the
substance. ‘
(1) Supported by the Bristol Laboratories, Inc,, Syracuse, N. Y.,

(R. F. Yroject 432). ]
() M. L. Wolirom and W. 1L, McNeely, ‘Furs Jovrnan, 87, 74.8

(1945). ) .
(3) I. L. Jorpes, H. Bustiom and V. Mutt, J. Bid, Clem,, 183, 607

{3950).

JTIONS TO THE Ep1rokr 1519

Chondroitinsulfuric acid (from cartilage) was
essentially homwogeneously N-deacetylated with
4595 NaOH (23, 48 hr.) under nitrogen and in the
presence of antioxidants (benzyl zleohol and so-
diumn sulfite) aud was sullated zs described aliove
(but at 80-90°). The product was isolated as the
amorphous sodium salt and is under further analyt-
ical ¢haracterizotion; --NH. (hv ninhydrin), ab-
sent.  The anticoagulont activity was 48 1. U,/ mg,
The same sumple of sodium chondroitin sulfate was
subjected (o the above sulfation procedure without
preliminary’ N-deacetylation and the product, iso-
Jated in the same nianner, showed an antlicoagulant
activity of ce. 101. U./mg. Sodiwm heparinate was
re-suliated under these conditions with a reduction

in its activity from 110 to 55 I. U./mg. and an in- -~

crease in the sulfur content from 12 (initial) to
14.4G%,.

Methyl 2-amino-2-deoxy-8-p-glucopyranoside hy-
drochloride* was sulfated as above to produce the
amorphous, water-soluble barium salt of the N-
sulfate, tri-O-sulfate; [e]®n 4+4° (¢ 3.1, H.0).

Ancl.  Caled. for C;11;NO;SBa.-2H,O: S, 15.63;
Ba, 33.4S. Found: S, 15.64; Ba, 32.95. A3 X

10—*¢ A1 solution of tus substance in 0.004 N HCl at
95° lost 1.0 mole of sulfate in =20 min. with the
concomitant release of the free amino group (nin-
bydrin). The O-sulfate was removed relatively
more slowly .and only completely so after 12 hr.
Previously reported results? on the inactivation of
heparin by mild acidity were considered to involve
a negligible sulfate loss. On the basis of our present
knowledge of the heparin molecule,® this sulfate
ioss 1s about equivalent to the amino group released
so that a sulfate group shift® is not a required postu-

“lation.

The above results show that the sulfamic acid
group is a potent contributor to anticoagulant ac-
tivity. Experiments are now underway to deter-

mine the optimum molecular size for these chemi-

cally modified polysaccharides.

" M. L. WoLFROM
(Miss) T. M. SHEN
' C. G. SUMMERS

DEPARTMENT OF CHEMISTRY
Tue Onto Srate UNIVERSITY
CoLuMBus 10, Omio

RECEIVED FEHRUARY 9, 1053

(4) ). C. Irvine, D. McNicoll and A, HMynd, J. Chem. Soc., 99, 250

- (R E).

(6) M. L. Wolfrom, R. Montgomery, J. V. Kurubinose und P,
Rathgeh, THis Journat, 72, 5746 (1450).
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